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ABSTRACT
The characteristic property of the 2-dimensional Polyakov action is its in-
dependence on the metric tensor, without being topological. A renormalizable
4-dimensional action is found with this fundamental property. It is invariant
under the pseudo-conformal transformations (in the terminology of E. Cartan
and Tanaka) and it contains a gauge field instead of the scalar field (the em-
bedding function to the ambient 26-dimensional spacetime) of the string action.
The fundamental quantity of this pseudo-conformal field theory (PCFT) is the
lorentzian Cauchy-Riemann (LCR) structure. This action describes all cur-
rent phenomenology: 1) The Poincare´ group is determined. 2) Stable solitonic
LCR-tetrads are found, which belong to representations of the Poincare´ group
and they are determined by the irreducible and reducible algebraic quadratic
surfaces of CP3. 3) The static (irreducible) LCR-structure is identified with
the electron and the stationary (reducible) one is identified with the neutrino.
The antiparticles have conjugate LCR-structures. 4) The LCR-tetrad defines
Einstein’s metric and the electromagnetic tensor for all the solitons. 5) An
effective leptonic standard model action is derived using the Bogoliubov recur-
sive procedure. 6) The three generations of flavors are implied by the limited
number of permitted algebraic surfaces of CP3. 7) For every LCR-structure
there exists a solitonic distributional gauge field configuration, identified with
the corresponding quark, which explains the lepton-quark correspondence. It
is explicitly computed for the static LCR-structure and a quark confinement
mechanism is proposed.
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1 INTRODUCTION
The 2-dimensional Polyakov (string) action has the remarkable property to be
metric independent without being topological (i.e. a pure surface integral). In
fact this particular property is the essential origin of its mathematical beauty.
The higher dimensional conformal field theories (the Weyl-transformation in-
variant covariant forms) are not metric independent, therefore they cannot be
considered as the 4-dimensional versions of the Polyakov action. I found[21] and
studied a 4-dimensional generally covariant action, which is metric independent
without being topological. This action describes the current phenomenology
without needing supersymmetry, which has not been observed. Besides gravity,
it describes[29] the standard model as an effective field theory, with the only es-
sential difference the hadronic sector. The strong interactions are described[30]
from a 4-dimensional gauge field (gluon) which explicitly appears with a metric
independent non-laplacian lagrangian (with first order derivatives) .
If we clarify the origin of the metric independence of the Polyakov action
IS =
1
2
∫
d2ξ
√−g gαβ ∂αXµ∂βXνηµν (1.1)
the invention of the 4-dimensional action is rather simple. Notice that the metric
independence is caused by the general property of the 2-dimensional metrics to
admit a coordinate system (the light-cone coordinates), which makes them off-
diagonal, i.e.
ds2 = 2g01dξ+dξ−
IS =
∫
d2ξ ∂−Xµ∂+Xνηµν
(1.2)
Apparently the 4-dimensional spacetime metrics cannot generally take an
analogous off-diagonal form. Only metrics, which admit two geodetic and shear-
free null congruences ℓµ∂µ, n
µ∂µ can take[8]
,[9] this form
ds2 = 2g
aβ˜
dzαdzβ˜ , α, β˜ = 0, 1 (1.3)
where zb = (zα(x), zβ˜(x)) are generally complex coordinates. In this case we
can write down the following metric independent Yang-Mills-like integral
IG =
∫
d4z
√−ggαα˜gββ˜FjαβFjα˜β˜ =
∫
d4z Fj01Fj0˜1˜
Fjab = ∂aAjb − ∂aAjb − γ fjikAiaAkb
(1.4)
which depends on the coordinates (zα(x), zβ˜(x)), and it does not depend on the
metric. This integral is apparently complex, because the structure coordinates
are complex. Therefore the real spacetime action must be either its real or
imaginary part. It will be clarified in section III, where the precise covariant
action will be derived. The restriction on the metrics which admit two geodetic
and shear free congruences, should not physically bother us, because the black-
holes have this property. On the contrary, it is rather encouraging, because it
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provides an argument why all the observed spacetimes are Schwarzschild type.
The complete generally covariant action will be described in section III, after
introducing the necessary mathematical notions.
Our first observation is on the fields necessary to achieve metric indepen-
dence in two and four dimensions. The Polyakov action needs a scalar field
Xµ(x), which string theory interprets as the embedding function of the Riemann
surfaces in the 26-dimensional ordinary spacetime. My 4-dimensional metric in-
dependent action needs a peculiar gauge field, which is not of the laplacian type.
The implied spherically symmetric equation and its static ”potential” is
( ∂
2
∂t2
− ∂2
∂r2
)Φ = [source] , Φ = a+ br
( ∂
2
∂t2
− 1
r
∂2
∂r2
r)Φ = [source] , Φ = Q4pir
(1.5)
where in the second line, I write the spherically symmetric laplacian field equa-
tion and its corresponding static ”potential”. Notice the essential difference.
The present 4-dimensional action gives a confining linear ”potential” in the
place of the (1
r
) potential of the laplacian. Therefore the present gauge field will
be identified with the gluon field. But the mathematical procedure will be quite
sophisticated, because the symmetries of the present action do not permit the
introduction of fermionic fields, as it happens in ordinary quantum field theory
(QFT). That is the term [source] cannot now be put in the action by hand,
because it would destroy the renormalizability of the action. It must be de-
rived. It is possible, because of the great advantage of PCFT to admit solitonic
solutions, which are generalized functions (with distributional sources)[10]. The
function, outside the compact (closed and bounded) source, is the ”potential”
and its ”source” is the fermionic particle. A typical example is the defined
electromagnetic field with its source been the electron. Or equivalently the elec-
tron in PCFT is a dressing electric field with its singularity. It is a fermion,
because of the well known Carter observation[5] that the Kerr-Newman space-
time has a fermionic gyromagnetic ratio. This puzzle, that surprised general
relativists[17], finds its ”raison d’eˆtre” in the present theory. In the case of the
gauge field, distributional configurations are found with their sources identified
with the quarks. Therefore the 4-dimensional PCFT does not need supersym-
metry to incorporate fermions. In fact my efforts to supersymmetrize it have
failed. Supersymmetry may not be compatible with the metric independence of
PCFT.
The Polyakov action does not depend on the 2-dimensional metric, but it
does depend on the more general notion of complex structure (after the usual
Wick rotation). Recall that the string functional integral[19] is an integration
over the 2-dimentional complex manifolds. My 4-dimensional action does not
depend on the metric tensor, but it does depend on a special Cauchy-Riemann
(CR) structure of the spacetime, the lorentzian CR-structure (LCR-structure),
which is viewed as the existence of two geodetic and shear-free null congruences
in the metric (riemannian) language of general relativity. The CR-structure was
called pseudo-conformal by E. Cartan[4] and Tanaka, who first worked on real
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submanifolds of complex manifolds. This is the reason that I call the present
kind of 4-dimentional field theory pseudo-conformal field theory (PCFT), in
order to stress its complete mathematical (but not physical) analogy with the
2-dimensional Polyakov action.
The present action is based on the lorentzian CR-structure[27], which is
determined by two real and one complex independent 1-forms (ℓ,m;n,m) that
satisfy the relations
dℓ = Z1 ∧ ℓ+ iΦ1m ∧m
dn = Z2 ∧ n+ iΦ2m ∧m
dm = Z3 ∧m+Φ3ℓ ∧ n
ℓ ∧m ∧ n ∧m 6= 0
(1.6)
where the vector fields Z1µ , Z2µ are real, the vector field Z3µ is complex, the
scalar fields (called relative invariants) Φ1 , Φ2 are real and the scalar field Φ3
is complex. One can easily check that these conditions are equivalent to the
metric independent form of the geodetic and shear-free conditions[6]
(ℓµmν − ℓνmµ)(∂µℓν) = 0 , (ℓµmν − ℓνmµ)(∂µmν) = 0
(nµmν − nνmµ)(∂µnν) = 0 , (nµmν − nνmµ)(∂µmν) = 0
(1.7)
on the tetrad (ℓ, n,m,m). Notice that these conditions do not depend on a
metric. It is a property of a basis of the tangent (and cotangent) space of a
manifold.
The integrability conditions (1.6) of the LCR-structure are invariant under
the transformations
ℓ′µ = Λℓµ , n
′
µ = Nnµ , m
′
µ =Mmµ
Z ′1 = Z1 + d ln Λ , Z
′
2 = Z2 + d lnN , Z
′
3 = Z3 + d lnM
Φ′1 =
Λ
MM
Φ1 , Φ
′
2 =
N
MM
Φ2 , Φ
′
3 =
M
ΛNΦ2
(1.8)
which I will call tetrad-Weyl transformations. The fact that the tetrad-Weyl
parameters Λ, N,M must not vanish, implies that the tetrad-Weyl transforma-
tion cannot annihilate the relative invariants. If they do not vanish, they may
be fixed to take a constant numerical value, which is the reason of the used term
”relative invariant”. Notice that if all the relative invariants do not vanish, they
may fix the tetrad-Weyl transformation.
In brief, the fundamental quantity of PCFT is not the metric (like general
relativity) but the LCR-structure (like the Polyakov action). Starting from a
LCR-structure i.e. a LCR-tetrad (1.6), we cannot define a unique symmetric
tensor (an Einstein metric)
gµν = ℓµnν + ℓνnµ −mµmν −mνmµ (1.9)
Because of the tetrad-Weyl symmetry, we can only define a class of metrics
[gµν ], with equivalence relation the tetrad-Weyl transformations (1.8). Notice
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that for ΛN =MM , the tetrad-Weyl transformation becomes the ordinaryWeyl
transformation. I will explicitly show how the charge conservation breaks the
tetrad-Weyl symmetry down to the ordinary Weyl symmetry and the energy-
momentum conservation breaks it farther.
The corresponding integrability conditions and transformations for the 2-
dimensional LCR-structure are
dℓ = Z1 ∧ ℓ , dn = Z2 ∧ n
ℓ′µ = Λℓµ , n
′
µ = Nnµ
(1.10)
which are satisfied for all the 2-dimensional independent 1-forms (ℓ, n). But
there is an essential difference. In two dimensions the LCR-structure is always
degenerate and the transformation coincides with the ordinaryWeyl transforma-
tion, while in four dimensions the relative invariants Φj make the LCR-structure
non-degenerate and they generate gravity, electromagnetism and all the leptonic
sector.
I want to point out that the Wick rotation in four dimensions ”destroys” the
LCR-structure, because simply the Minkowski metric spacetime does not admit
a (real tensor) hermitian structure[8],[9]. In fact even in two dimensions, we do
not need the Wick rotation to show the dependence of the Polyakov action on
the algebraic curves of CP 2. The 2-dimensional LCR-manifold may be viewed
as the product of two real submanifolds of a complex manifold (identified with
an algebraic curve).
In section II, I will describe the fundamental properties of the LCR-structure,
which will permit us to write down the generally covariant form of the action
of PCFT in section III. The holomorphic Frobenius theorem conducts to two
intersections of the lines with the hypersurfaces of CP 3, the 4-dimensional real
submanifolds (spacetimes) of the grassmannian manifold G4,2 and finally the
Poincare´ group, which will be identified with the (observed) conserved group in
nature. This identification will permit us to unfold and describe the vacuum,
the static LCR-manifold, which is identified with the electron and the stationary
LCR-structure, which is identified with the neutrino. In section IV Gravity is
derived[24]. Electromagnetism is derived in section V, and the same Bogoliubov
method is extended to the standard model derivation[29] in section VI, where
the three particle generations are implied as a restriction of LCR-structure inte-
grability conditions. In section VII, stable static solitonic solutions of the gauge
field equations are found, which have distributional sources, identified with the
quarks[30]. A quark-antiquark system, described in section VIII, could be the
origin of quark confinement.
The reader will see that the fundamental mathematical framework of PCFT[28]
is essentially analogous to that of string theory. We simply pass from the alge-
braic curves to the algebraic surfaces. I will stick to this analogy as long as it is
permitted, in order to facilitate string theory researchers to understand PCFT.
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2 LORENTZIAN CR-STRUCTURE
The 4-dimensional pseudo-conformal field theory (PCFT) is based on the LCR-
structure of the spacetime, like the Einstein relativity is based on the metric
structure of the spacetime. Therefore, I find it necessary to describe the math-
ematical properties of the LCR-structure.
Its definition (1.6) is an integrability condition that permits the application
of Frobenius theorem. But here there is a subtlety that is essential in four dimen-
sions. The existence of the complex tangent 1-form mµdx
µ makes necessary[1]
first to complexify spacetime and after apply the holomorphic Frobenius theo-
rem.
The complexification locally makes the spacetime a real surface of C4 and
we have to be restricted to real analytic functions. But this real-analyticity
is not necessary to be on the entire spacetime. It must be valid on a large
connected region of spacetime so that the two (imaginary) sides of spacetime
communicate through the analytic continuation. Hence there may exist iso-
lated local compact regions, which will be the singular regions of the consid-
ered generalized functions[10]. That is, this complexification permits the con-
sideration of generalized functions and especially in the picture of the Sato’s
hyperfunctions[12],[14]. The found solitonic configurations will be generalized
functions. The distributional sources of these generalized functions will be iden-
tified with the leptons and the quarks and the regular part of the distributional
configurations will be identified with the gravitational, electromagnetic and glu-
onic ”dressings” of the particles. This will become clear in section VI, where a
microlocal analysis of the electron-configuration will be presented.
The application of the holomorphic Frobenius theorem implies the existence
of four complex functions (zα, zα˜), α = 0, 1 , such that
dzα = fα ℓµdx
µ + hα mµdx
µ , dzα˜ = fα˜ nµdx
µ + hα˜ mµdx
µ
ℓµdx
µ = ℓαdz
α , mµdx
µ = mαdz
α
nµdx
µ = nα˜dz
α˜ , mµdx
µ = mα˜dz
α˜
(2.1)
This LCR-structure[27] is called realizable or embedable and the complex func-
tions are called LCR-structure coordinates. Notice that the corresponding result
for the 2-dimensional LCR-structure is the existence of two structure coordinates
(z0, z0˜), such that
dz0 = f0 ℓµdx
µ , dzα˜ = f0˜ nµdx
µ
ℓ = ℓαdz
α , n = nα˜dz
α˜
(2.2)
We will assume them generally complex in order to keep the analogy between
the 2-dimensional and the 4-dimentional LCR-structures.
The tangent 1-forms ℓµdx
µ and nµdx
µ are real, and the 1-forms mµdx
µ and
mµdx
µ are complex conjugate. These (reality) relations imply
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dz0 ∧ dz1 ∧ dz0 ∧ dz1 = 0
dz0˜ ∧ dz1˜ ∧ dz0 ∧ dz1 = 0
dz0˜ ∧ dz1˜ ∧ dz0˜ ∧ dz1˜ = 0
dz0 ∧ dz1 ∧ dz0˜ ∧ dz1˜ 6= 0
(2.3)
where the last one is implied by the linear independence of the LCR-tetrad. It
is convenient to write the first three conditions as
ρ11(z
α, zα) = 0 , ρ12
(
zα, zα˜
)
= 0 , ρ22
(
zα˜, zα˜
)
= 0
∂ρij
∂zb
6= 0 6= ∂ρij
∂zb
(2.4)
where the two functions ρ11 , ρ22 are real and ρ12 is a complex function (i.e.
two real functions). Notice the particular dependence of these functions on the
structure coordinates. The two real conditions determine two ordinary hyper-
surface type CR-structures, which are connected through the complex condition.
The LCR-structure is essentially a special totally real CR-structure[1]. But un-
like the ordinary totally real CR-structures, which are invariant under a general
holomorphic transformation z′b = f b(zc), the LCR-structure is invariant (and
considered to be equivalent) under the special holomorphic transformations
z′β = fβ(zα) , z′β˜ = f β˜(zα˜) (2.5)
where the transformations of the tilded and untilded structure coordinates are
independent.
In the case of the 2-dimensional LCR-structure (on which the Polyakov ac-
tion is based) the corresponding defining functions and the LCR-transformations
are
ρ1(z
0, z0) = 0 , ρ2(z
0˜, z0˜) = 0
∂ρi
∂zb
6= 0 6= ∂ρi
∂zb
z′0 = f0(z0) , z′0˜ = f 0˜(z0˜)
(2.6)
I want to point out that I have not yet introduced any riemannian metric.
The CR-structure does not need the metric structure. The Einstein metric will
be defined in section IV, where we will study its limitations and really amazing
consequences. The vector and their dual 1-form tetrads are related by the
following inversion relations
e0µdx
µ ≡ ℓµdxµ , e1µdxµ ≡ mµdxµ , e0˜µdxµ = nµdxµ , e1˜µdxµ = mµdxµ
e
µ
0∂µ ≡ nµ∂µ , eµ1∂µ ≡ −mµ∂µ , eµ0˜∂µ ≡ ℓµ∂µ , e
µ
1˜
∂µ ≡ −mµ∂µ
eµae
b
µ = δ
b
a , e
µ
ae
a
ν = δ
µ
ν
(2.7)
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No lowering and raising index mechanism has been defined yet, because we have
not defined the metric.
In order to clarify the relative essential differences between the diffeomorphic
CR-transformations and the LCR-transformations, I will recall the historical
discovery of 2-dimensional CR-structure by Poincare´. I think it is well known
that any real submanifold ρ(xµ) = 0 can take the one coordinate form y = 0
after a diffeomorphic transformation (using the implicit function theorem). A
real submanifold (curve) ρ(z, z) = 0 of the complex plane C can take the real axis
form z−z = 0 after a holomorphic transformation. But Poincare´ showed[1] that
this is not possible for real subsurfaces of C2. In higher dimensional complex
manifolds the holomorphic transformations cannot transform a surface to any
other real surface of the same dimension.
In the case of the LCR-structure transformations we have an analogous re-
striction. The 2-dimensional LCR-transformations can give the (real analytic
at the neighborhood of a point) defining functions (2.6) the simple form
z0 − z0 = 0 , z0˜ − z0˜ = 0 (2.8)
But in four dimensions there is a restriction. A LCR-transformation can simplify
a real analytic structure (2.4) to the form
Im z0 = φ11(z
1, z1,Re z0) , Im z0˜ = φ22(z
1˜, z1˜,Re z0˜)
z1˜ − z1 = φ12(za, z0˜)
φ11(0) = φ22(0) = φ12(0) = 0 , dφ11(0) = dφ22(0) = dφ12(0) = 0
(2.9)
and the corresponding coordinates are called regular LCR-coordinates. The
LCR-transformations cannot completely remove (annihilate) the real analytic
functions φij . But a general holomorphic transformation z
′b = f b(zc) can re-
move these functions. That is, a general holomorphic transformation makes
a real analytic LCR-structure equivalent to the degenerate totally real CR-
structure[1], which cannot be generally done with a LCR-transformation.
The 2-dimensional LCR-structure has two disconnected structure coordi-
nates (z0, z0˜), which in string theory are directly related to the two chiral sec-
tors. In the degenerate 4-dimensional LCR-structure the tilded and untilded
chiral regular coordinates are connected with the relation z1˜−z1 = 0, which are
the two chiral representations of the Lorentz group. This indicates the pathway
to reveal the Poincare´ group, which will be identified with the corresponding
observed symmetry group of nature. I postpone this derivation for section IV,
where the Einstein metric is defined and the flat geodetic and shear-free null
congruence conditions are solved through the Kerr theorem and its homogeneous
holomorphic function K(Zm).
In order to understand the present work and applied mathematical tech-
niques, the reader must be aware of the two mathematical approaches to study
the geometry of a complex manifold. In the present case, it is the ambient com-
plex space of the LCR-manifold. The first is the algebraic approach, through
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the possible embedding of the complex manifold into a projective space (exter-
nal approach). The second (internal) approach is the sheaf cohomology. The
interplay between these two approaches is regulated (for compact complex mani-
folds) by the Kodaira theorem[13]. Below I will describe the algebraic approach,
which provides a clear-cut definition of the Poincare´ group, which is essential
to the understanding of the implied quantum field theory. After I will describe
a ”physical” view of the internal approach, which is better suited for general
relativists.
The defining relations (2.4) of the quite general class of LCR-manifolds[27]
take the following form of real surfaces of the grassmannian manifold G4,2
ρ11(X
m1, Xn1) = 0 , ρ22(X
m2, Xn2) = 0 , ρ12(X
m1, Xn2) = 0
K(Xmj) = 0
(2.10)
where all the functions are homogeneous relative to the coordinates Xn1 and
Xn2 independently, which must be roots of the homogeneous holomorphic Kerr
polynomial K(Xni). The charts of its typical non-homogeneous (projective)
coordinates are determined by the invertible pairs of rows. If the first two rows
constitute an invertible matrix, the chart is determined by det λAj 6= 0 and the
corresponding projective (affine space coordinates) rA′A are defined by
X =

X01 X02
X11 X12
X21 X22
X31 X32
 ≡ ( λAj−irA′AλAj
)
rA′A = ηabr
aσbA′A
(2.11)
The matrix ηab is the ordinary Minkowski metric and σ
b
A′A are the identity and
the three hermitian Pauli matrices
σ0A′B =
(
1 0
0 1
)
, σ1A′B =
(
0 1
1 0
)
σ2A′B =
(
0 −i
i 0
)
, σ3A′B =
(
1 0
0 −1
) (2.12)
and the spinor indices are lowered and raised with the antisymmetric matrix
λA = ǫABλB , λC = λ
BǫBC
λAξA = λ
AξBǫBA = −λBξB , λAλA = 0
ǫAB = ǫAB =
(
0 1
−1 0
)
, ǫBA = ǫ
BCǫAC =
(
1 0
0 1
) (2.13)
I point out that this notation is not exactly that used in the classical book of
Penrose and Rindler[18].
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The grassmannian manifold G4,2 is the projective space of the lines of CP
3.
The homogeneous coordinates Xmi matrix of G4,2 are two points X
mi of the
hypersurface of CP 3 determined by the irreducible or reducible Kerr polyno-
mial K(Zn). From the above LCR-structure conditions (2.10) we see that the
untilded structure coordinates zα determine the point Xm1 and the tilded struc-
ture coordinates zα˜ determine the point Xm2. I point out that the embedding
of the ambient complex manifold of the LCR-manifold into the grassmannian
manifold is the essential step to relate PCFT with the particle physics. Recall
that particles are representations of the Poincare´ group, and in this review I sim-
ply explain my efforts to find the stable LCR-manifolds which are irreducible
representations of the Poincare´ algebra.
We must be careful with the passage to the ”physical” Poincare´ group from
the general projective SL(4,C) symmetry of the G4,2 geometry. The general
complex Poincare´ group is an affine subgroup of SL(4,C). It is directly related
with an affine chart of G4,2. In the present work our ”physical” Poincare´ group
will be that imposed by the condition detλAj 6= 0.
The parameterization[13] of the algebraic manifolds is a very useful tool
to study algebraic surfaces. The Newman generally complex trajectory[16] is
a physically intuitive parameterization, where the Kerr holomorphic function
K(Zm) is replaced[27] by a trajectory ξb(τ ) and the following form of the ho-
mogeneous coordinates
X =
(
λAj
−irA′AλAj
)
=
(
λA1 λA2
−iξA′A(τ1)λA1 −iξA′A(τ2)λA2
)
(rA′A − ξA′A(τ ))λA = 0 → (ra − ξa(τ ))(rb − ξb(τ ))ηab = 0
(2.14)
The last condition assures the existence of a non-vanishing solution of λAi and
permits the computation of τ as a function of ra. Notice that this procedure
of one trajectory must provide at least two solutions τ1 and τ2 which are used
to determine the structure coordinates of the two columns. Apparently we may
take two independent complex trajectories. A general complex linear trajectory
corresponds to the following quadratic polynomial
ξa(τ ) = vaτ + ca , vavbηab = 1
(v1′0Z
0 + v1′1Z
1)(iZ2 − c0′0Z0 + c0′1Z1)− (v0′0Z0 + v0′1Z1)(iZ3 − c1′0Z0 + c1′1Z1) = 0
(2.15)
In fact, the linear trajectory is the rational parameterization of this precise
(Poincare´ invariant) parametrized quadric. In this case we usually assume (z0 =
τ1 , z
0˜ = τ2).
Let us now turn into the internal ”physical” approach, noticing that the
LCR-tetrad defines and is defined by the following classes of symmetric and
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antisymmetric tensors
[gµν ] = ℓµnν + ℓνnµ −mµmν −mνmµ
[Jµν ] = ℓµnν − ℓνnµ −mµmν +mνmµ
det(gµν) 6= 0 6= det(Jµν)
(2.16)
The class is defined relative to the regular tetrad-Weyl transformations (1.8),
which have non-vanishing factors for every coordinate patch, with the appro-
priate fitting relations in the intersections of the patches (sheaf requirement).
The equivalent properties are that the metric gµν admits 2-geodetic and shear-
free congruences (ℓµ and nµ) and that Jµν satisfies[8]
,[9] the equivalent Nijenhuis
condition. That is Einstein’s gravity with 2-geodetic and shear-free congruences
determines back the LCR-structure.
A typical example of LCR-structure is
ℓµdx
µ = dt− ρ2∆ dr − a sin2 θdϕ
nµdx
µ = ∆2ρ2 (dt+
ρ2
∆ dr − a sin2 θdϕ)
mµdx
µ = 1
η
√
2
(ia sin θdt− ρ2dθ − i(r2 + a2) sin θdϕ)
η ≡ r + ia cos θ , ρ2 ≡ ηη , √−g = ρ2 sin θ
∆ ≡ r2 − 2Mr + a2 + q2
(2.17)
which corresponds to the static Newman trajectory ξa = (τ , 0, 0, ia). Because
of the tetrad-Weyl symmetry, the tetrad does not need multiplicative factors in
order to fix an LCR-structure. The precise above form is the geodetic and shear-
free null tetrad of the Kerr-Newman spacetime[6]. Its contravarient components
are
ℓµ∂µ =
1
∆((r
2 + a2)∂t +∆∂r + a∂ϕ)
nµ∂µ =
1
2ρ2 ((r
2 + a2)∂t −∆∂r + a∂ϕ)
mµ∂µ =
1
η
√
2
(ia sin θ∂t + ∂θ +
i
sin θ∂ϕ)
(2.18)
and its Newman-Penrose (NP) spin coefficients are
ε = 0 , β = cos θ
sin θη2
√
2
, π = ia sin θ
(η)2
√
2
τ = − ia sin θ
ρ2
√
2
, ρ = − 1
η
, µ = − ∆2ρ2η
γ = − ∆2ρ2η + r−M2ρ2 , α = π − β = ia sin θ(η)2√2 −
cos θ
sin θη2
√
2
(2.19)
The reader should not confuse the symbol ρ2 ≡ ηη with the spin-coefficient ρ.
The tetrad-Weyl gauge fields 1-forms Zjµdx
µ and the relative invariants Φi are
found using the standard relations
dℓ = [(ε+ ε)n− (α+ β − τ )m− (α+ β − τ)m] ∧ ℓ+ (ρ− ρ)m ∧m
dn = [−(γ + γ)ℓ + (α+ β − π)m+ (α+ β − π)m] ∧ n+ (µ− µ)m ∧m
dm = [(γ − γ + µ)ℓ + (ε− ε− ρ)n− (β − α)m] ∧m− (τ + π)ℓ ∧ n
(2.20)
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where I have assumed that the tetrad is geodetic and shear-free κ = σ = 0 =
λ = ν. Notice that this LCR-structure has non-vanishing relative invariants
Φ1 =
ρ−ρ
i
= − 2a cos θ
ηη
Φ2 =
µ−µ
i
= −∆a cos θ(ηη)2
Φ3 = −(τ + π) = 2ar cos θηη2
(2.21)
The structure coordinates are
z0 = t− f0(r) + ia cos θ − ia , z1 = eiϕe−iaf1(r) tan θ2
z0˜ = t+ f0(r)− ia cos θ + ia , z1˜ = e−iϕe−iaf1(r) tan θ2
f0(r) =
∫
r2+a2
∆ dr , f1(r) =
∫
1
∆dr
(2.22)
After straightforward calculations I find the following relations between the
structure coordinates and the LCR-tetrad
dz0 = dt− r2+a2∆ dr − ia sin θdθ = r
2+a2
ηη
ℓµdx
µ + ia
√
2 sin θ
η
mµdx
µ
d ln z1 = −ia∆ dr +
1
sin θdθ + idϕ =
ia
ηη
ℓµdx
µ −
√
2
η sin θmµdx
µ
ℓµdx
µ = dz0 + ia sin2 θd ln z1
mµdx
µ = ia sin θ
η
√
2
dz0 − (r2+a2) sin θ√
2η
d ln z1
(2.23)
and
dz0˜ = dt+ r
2+a2
∆ dr + ia sin θdθ =
2(r2+a2)
∆ nµdx
µ − ia
√
2 sin θ
η
mµdx
µ
d ln z1˜ = −ia∆ dr +
1
sin θdθ − idϕ = − 2ia∆ nµdxµ −
√
2
η sin θmµdx
µ
nµdx
µ = ∆2ρ2 dz
0˜ − ia∆ sin2 θ2ρ2 d ln z1˜
mµdx
µ = − ia sin θ
η
√
2
dz0˜ − (r2+a2) sin θ√
2η
d ln z1˜
(2.24)
This static LCR-manifold is a stable soliton. In the context of PCFT the
term soliton should not be confused with that in QFT without gravity. The
fact that gravity is contained in PCFT, the energy-momentum and angular mo-
mentum of the configuration is derived from the source integrals of linearized
Einstein general relativity. There is no need for finite conserved Noether cur-
rents. On the other hand, besides the topological invariants, the LCR-manifolds
have the relative invariants, which take discrete values and act as stabilizers. We
have already found that all the relative invariants of the present LCR-structure
do not vanish, which is not the case of the neutrino LCR-manifold, as I will
show in section VI.
I want to point out that the gravity of the particle is a generalized function
(distribution). The singular support of the gravitational and electromagnetic
fields are the ”locations” of the electron, and the regular supports are the grav-
itational and electromagnetic ”dressings” of the electron.
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In order to stress the physical significance of the LCR-structure, let me
mention that it is exactly this common property, that implies the observed
correspondence between the leptonic and hadronic sectors. That is, the up
and down quarks have the same LCR-structures with the neutrino and the
electron, with additional solitonic solutions (with distributional sources) of the
non-abelian gauge field. This will be extensively described in section VII.
3 THE COVARIANT ACTION OF PCFT
The integral (1.4) is complex and not generally covariant. It is written in the
LCR-structure (chiral) coordinates (where the metric independence appears) in
order to clarify how the metric independence of the Polyakov action triggered
the search, discovery and study of the dynamical content of the 4-dimentional
PCFT.
The fact that the structure coordinates are generally complex implies that
the original metric independent form (1.4) is complex, while the final action must
be real. In order to make things clear, I will start from the LCR compatible
gauge connection and its curvature
(Dα)ij = ∂αδij − γfikjAkα , (Dβ˜)ij = ∂β˜δij − γfikjAkβ˜
Fiαβ = ∂αAiβ − ∂βAiα − γfikjAjαAkβ , Fiα˜β˜ = ∂α˜Aiβ˜ − ∂β˜Aiα˜ − γfikjAjα˜Akβ˜
(3.1)
in structure coordinates. The gauge invariant and metric independent 4-form is
F ∧ F˜ = (12Fiαβdzα ∧ dzβ) ∧ (12Fiα˜β˜dzα˜ ∧ dzβ˜) = Fi01Fi0˜1˜dz0 ∧ dz1 ∧ dz0˜ ∧ dz1˜
(3.2)
Using the identity
δµν = ℓ
µnν + n
µℓν −mµm˜ν − m˜µmν
δαβ = n
αℓβ − m˜αmβ , δα˜β˜ = ℓα˜nβ˜ −mα˜m˜˜
(3.3)
in structure coordinates, the complexified 4-form becomes
F ∧ F˜ = ℓ ∧m ∧ n ∧ m˜(ℓµmνFiµν)(nρm˜σFiρσ) (3.4)
When we return back to the real spacetime, it becomes the complex 4-form
(F ∧ F˜ )|S = ℓ ∧m ∧ n ∧m(ℓµmνFiµν)(nρmσFiρσ)
ℓ ∧m ∧ n ∧m = d4x√−gi
g = det(gµν) = det(ηab)[det(e
a
µ)]
2 = [det(eaµ)]
2
ηab =

0 0 1 0
0 0 0 −1
1 0 0 0
0 −1 0 0

(3.5)
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Hence we may assume as gauge field action either its real or its imaginary part
IR =
∫
d4x
√−gi{(ℓµmνFiµν)(nρmσFiρσ)− (ℓµmνFiµν)(nρmσFiρσ)}
II =
∫
d4x
√−g{(ℓµmνFiµν)(nρmσFiρσ) + (ℓµmνFiµν)(nρmσFiρσ)}
Fjµν = ∂µAjν − ∂νAjµ − γ fjikAiµAkν
(3.6)
Both actions are apparently invariant under the tetrad-Weyl transformation.
Notice that only the null self-dual 2-forms appear in the actions. The non-null
self-dual component does not appear in the action, because simply it is not
multiplicatively transformed relative to the tetrad-Weyl transformation.
In fact these two actions are strongly related. The appearing gauge tensors
Fiµν are each other duals, because ℓ
[µmν] and n[ρmσ] are self-duals (relative
to their corresponding metric). One of these two actions will be the starting
point for the emergence of chromodynamics in the context of PCFT. In the
hadronic sector, we will see how the IR action implies field equations, which
admit distributional solitons, which could be identified with the quarks[30].
We saw that the existence of a globally defined LCR-structure is the new
(fundamental) mathematical notion, which corresponds to the metric structure
of general relativity and the Hilbert space of quantum mechanics. In two di-
mensions all the smooth manifolds are LCR-manifolds, therefore in Polyakov
functional integral we simply integrate over all 2-dimensional manifolds. But in
four dimensions we have to consider only the LCR-manifolds. The simple way
to impose this restriction is to use the Lagrange multiplier technique to add the
following action term with the integrability conditions (1.7) on the tetrad
IC =
∫
d4x
√−g{φ0(ℓµmν − ℓνmµ)(∂µℓν)+
+φ1(ℓ
µmν − ℓνmµ)(∂µmν) + φ0˜(nµmν − nνmµ)(∂µnν)+
+φ1˜(n
µmν − nνmµ)(∂µmν) + c.conj.}
(3.7)
These Lagrange multipliers make the complete action I = IR+IC self-consistent
and the usual quantization techniques may be applied[23]. The action is formally
renormalizable[25], because it is dimensionless and metric independent. Recall
that even the (ordinary Weyl symmetric) conformal action is renormalizable,
with the problem being that it contains non-removable negative-norm states,
because of its higher order derivatives. The path-integral quantization of PCFT
is also formulated[28] as functional summation of open and closed 4-dimensional
LCR-manifolds in complete analogy to the summation of 2-dimensional sur-
faces in string theory[19]. These transition amplitudes of a quantum theory
of LCR-manifolds provide (in principle) the self-consistent algorithms for the
computation of the physical quantities.
The LCR-manifolds are defined with the existence of a tetrad (ℓ,m;n,m),
which satisfies the integrability conditions. But if they are realizable[1], i.e. they
admit structure coordinates (zα(x); zα˜(x)), which satisfy the conditions (2.3),
they may be considered as real submanifolds of complex manifolds. In this
case the structure coordinates may replace the tetrad as dynamical variables.
15
Then the LCR-transformation may be viewed as a proper vector bundle on a
LCR-manifold, which will permit us better understand the gauge field solitonic
solutions, which will be identified with the quarks.
The ambient complex manifold of the LCR-manifold (implied by the holo-
morphic Frobenius theorem) has two commuting complex structures. The trivial
one defined by the complexification of the real spacetime coordinates and the
second one defined by the structure coordinates (zα(x); zα˜(x)). The holomor-
phic (relative to the trivial complex structure) transformation between these
two complex structures is (zα(rb); zα˜(rb)). This permit us to separate the to-
tal (d) and partial (∂, ∂) exterior derivatives into the LCR-exterior derivative
(∂′, ∂′′) as follows
d = ∂ + ∂ = (∂′ + ∂′′) + (∂′ + ∂′′)
∂′f = ∂f
∂zα
dzα , ∂′′f = ∂f
∂zα˜
dzα˜
Abdr
b = A′αdz
α +A′′α˜dz
α˜
(3.8)
In the last line I separate the 1-forms into marked 1-LCR-forms. In order
to familiarize the reader with this new formalism we make the transcription
A→ A′ +A′′ in details
Aµdr
µ = Aµδ
µ
νdr
ν = Aµ(ℓ
µnν + n
µℓν −mµmν −mµmν)drν =
= [(nµAµ)ℓα − (mµAµ)mα]dzα + [(ℓµAµ)nα˜ − (mµAµ)mα˜]dzα˜ =
= A′αdz
α +A′′α˜dz
α˜
(3.9)
The reader should be careful with the ”complex bar” on m. After the complex-
ification of x, I had to replace it with a tilde, but I hope it will be understood
from the general content. Then the connections of the LCR-bundle take the
form
D′ = ∂′ +A′ , D′′ = ∂′′ +A′′ (3.10)
where the connection belongs to the Lie algebra of the gauge group.
If the ambient complex manifold is considered as a submanifold of the grass-
mannian space G4,2, the connection is essentially identified with the connection
on the hypersurface of CP 3 determined by the Kerr polynomial. The connec-
tions A′ and A′′ correspond to the two branches of the hypersurface, which are
necessary to define the LCR-structure. That is, to the left and right columns
of the homogeneous coordinates of G4,2. This point of view and the chirality
of gauge field solitonic solutions may explain why the pions are pseudoscalars.
This will be explained in section VII.
Using the LCR-connection, the action takes the following compact form
IG =
∫
M
(∂′A′j + γfjlkA
′
l ∧A′k) ∧ (∂′′A′′j + γfjimA′′i ∧ A′′m) + c.c.
IC =
∫
M
{φ0dz0 ∧ dz1 ∧ dz0 ∧ dz1 + φ0˜dz0˜ ∧ dz1˜ ∧ dz0˜ ∧ dz1˜+
+φdz0˜ ∧ dz1˜ ∧ dz0 ∧ dz1 + φdz0˜ ∧ dz1˜ ∧ dz0 ∧ dz1}
(3.11)
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The indication of the LCR-manifold M in the integral sign is not necessary
here, because the Lagrange multipliers assure that M admits a LCR-structure.
I want only to stress the natural emergence of integral geometry, which will be
very helpful to define the LCR-structure measure for the functional integration.
Using the relations (2.1), the action IG takes the better manageable form
IG =
∫
d4x
[
det(∂λz
a) {(∂0xµ)(∂1xν)Fjµν} {(∂0˜xρ)(∂1˜xσ)Fjρσ}+ c. c.
]
IC =
∫
d4x ǫµνρσ[φ0(∂µz
0)(∂νz
1)(∂ρz0)(∂σz1) + φ0˜(∂µz
0˜)(∂νz
1˜)(∂ρz0˜)(∂σz1˜)+
+φ(∂µz0)(∂νz1)(∂ρz
0˜)(∂σz
1˜) + φ(∂µz
0)(∂νz
1)(∂ρz0˜)(∂σz1˜)]
(3.12)
where the 4 × 4 matrix (∂bxµ) is the inverse of (∂µzb). This form of the ac-
tion permits the direct use of LCR-transformations to define conserved currents
applying Noether’s theorem. Energy-momentum and angular momentum are
defined as charges of such currents.
The action is invariant under the following two infinitesimal pseudo-conformal
(LCR-structure preserving) transformations
δzβ ≃ εψβ(zγ) , δzβ˜ ≃ ε˜ψβ˜(zγ˜)
δφ0 = −φ0[(∂αψα)ε+ (∂αψα)ε]
δφ0˜ = −φ0˜[(∂α˜ψα˜)ε˜+ (∂α˜ψα˜)ε˜]
δφ = −φ[(∂αψα)ε+ (∂α˜ψα˜)ε˜]
(3.13)
Notice that the transformations of the ”left” and ”right” structure coordi-
nates are independent, like the conformal transformations in the ordinary 2-
dimensional conformal field theory (the Polyakov action).
Using such a general transformation we derive the conservation of the fol-
lowing ”left” and ”right” LCR-currents
Jλ ≡ − det(∂τza) Fj01ψγFjγα˜ǫα˜β˜(∂β˜xλ)−
−ǫαβψαǫλνρσ(∂νzβ)[φ0(∂ρz0)(∂σz1) + φ(∂ρz0˜)(∂σz1˜)]
J˜λ ≡ − det(∂τza) ψγ˜ǫαβFjαγ˜(∂βxλ)Fj0˜1˜−
−ǫ
α˜β˜
ψα˜ǫλνρσ(∂νz
β˜)[φ0˜(∂ρz
0˜)(∂σz1˜) + φ(∂ρz0)(∂σz1)]
(3.14)
An appropriate definition of the structure coordinates and their relation to the
Poincare´ group permit us to find the energy-momentum and angular momentum
conserving currents. Notice that the explicit contribution of the gluon field
indicate that we could in principle find a way to calculate the mass differences
between leptons and hadrons.
The canonical and BRST quantization[23] of the PCFT action is straightfor-
ward and I will not repeat it here. The path-integral quantization is analogous
to that of the Polyakov action, where the measures are geometric. Here we
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sum over the 4-dimensional LCR-structures instead of the 2-dimensional com-
plex structures, because the Wick rotation destroys the LCR-structure. On the
other hand, as we will see below, here the elementary particles are solitonic
(distributional) configurations. The computation of path-integrals for soliton-
soliton scattering processes looks quite formidable. Therefore I will use more
intuitive solitonic technics to describe the experimental consequences of PCFT.
4 DERIVATION OF EINSTEIN’S GRAVITY
In this section I will properly define gravity from the LCR-structure defining
conditions (2.10). As I mentioned in the introduction, because of its tetrad-
Weyl symmetry a LCR-structure does not uniquely define a tetrad (ℓ,m;n,m).
Hence
[gµν ] = ℓµnν + ℓνnµ −mµmν −mνmµ (4.1)
defines a class of symmetric tensors. In this form the LCR-tetrad is the null
tetrad of the Newman-Penrose (NP) formalism[6], for all the metrics of the class.
Recall that the NP formalism is essentially the Cartan formalism adapted to the
null tetrad. The LCR-conditions (1.7) are the geodetic and shear-free conditions
of the null tetrad, which in the NP formalism coincide with the annihilation of
the spin coefficients κ = σ = λ = ν = 0. This imposes the restriction to the
Einstein metric to admit a geodetic and shear-free null tetrad (two geodetic
and shear-free congruences). This restriction is experimentally in favor to the
PCFT, because all the observed spacetimes have this property.
In the context of riemannian geometry, where the metric is the fundamental
structure and the tetrad is derived, we have the local SO(1, 3) symmetry of the
tetrad. But in PCFT, where the LCR-structure is the dynamical variable, there
is no local SO(1, 3) symmetry. Instead we have the tetrad-Weyl symmetry (1.8).
Let us now consider the class of metrics [ηµν ], which are compatible with
the Minkowski spacetime. The Penrose form[18] of the Kerr solution for two
geodetic and shear-free flat congruences is
XmiEmnX
nj = 0 , K(Xmi) = 0
Emn =

0 0 1 0
0 0 0 1
1 0 0 0
0 1 0 0
 (4.2)
where Xmi are the homogeneous coordinates of G4,2 already defined in (2.11).
The first relation implies that the projective coordinates rA′A are hermitian,
which means that the Shilov boundary of the SU(2, 2) symmetric classical do-
main is the ”real axis” of C4, identified with the Minkowski spacetime. Besides,
these are exactly the four conditions (2.10), which determine the LCR-structure.
The relation K(Xmi) = 0 is the Kerr holomorphic function, which determines
the hypersurface of CP 3. Notice that for the Minkowski spacetime, the condi-
tions required for two null congruences to be geodetic and shear-free are only
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the (corresponding two or one common) Kerr holomorphic functions. In the
context of PCFT, the important point here is that the flat spacetime is defined
by the algebraic conditions of the LCR-structure without direct reference to the
metric.
I want to point out that PCFT is intended to describe the elementary par-
ticles and not the macroscopic bodies, which must be viewed as made up of
elementary particles. The macroscopic spherically symmetric metrics are sim-
ple approximations of macroscopic bodies. In the context of quantum field
theory the crucial property is the Poincare´ Lie algebra. We saw that in the con-
text of LCR-structures, the identification of a Poincare´ Lie algebra is achieved
through a local embedding (immersion) of the LCR-structure ambient complex
manifold into an affine subspace of G4,2, viewed as a pair of points of CP
3.
The LCR-manifolds, which admit a G4,2 immersion, will be called ”particles”,
and the rest ”unparticles”. Notice that the class of metrics [gµν ] can be defined
for unparticles, but a Poincare´ algebra cannot be properly defined. Recall that
asymptotic flatness at null infinity cannot proceed farther than the BMS group.
Hence in the present work I am restricted to the ”particle” LCR-structures.
Let us also clarify the real analyticity problems implied by the projection
of ambient complex manifold down to its LCR-manifold. This is understood as
a limit of the complex structure coordinates in the ambient complex manifold
down to the LCR-subsurface. In higher dimensional surfaces this can be done
in an infinite number of cones with edge the limit point of the LCR-surface.
In a real analytic LCR-structure, all these limits coincide. But it is not gener-
ally necessary. If it does not happen, the structure coordinates zb(x) become
generalized functions. Notice that this point of view is essentially the Sato’s
approach to generalized functions (hyperfunctions)[14]. I will first describe it in
the simple case of the two dimensional LCR-manifolds (of the string theory).
Then the embedding is done in CP 2 × CP 2 through the following conditions
Xm =
X0X1
X2
 , K(Xm) = 0
ρ1(X
m1, Xn1) = 0 , ρ2(X
m2, Xn2) = 0
(4.3)
where K(Xm) corresponds to the homogeneous Kerr function. A general 2-
dimensional LCR-structure, which can be extended to the upper half-planes in
u and v are
z0 =
∫
a(ω)H(ω)eiωudω , z0˜ =
∫
b(ω)H(ω)eiωvdω (4.4)
where H(ω) is the step function which imposes only ”positive energy” contri-
butions. Notice that for polynomially increasing functions a(ω) and b(ω), the
structure coordinates may be extended for u and v in their complex upper half-
planes, but they cannot be extended to their complex lower half-planes.
Let us now consider the quadratic surfaces of CP 3 implied by the linear
trajectory (2.15) with all the constants real. After a Poincare´ transformation,
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va = (1, 0, 0, 0) and ca = 0. The LCR-structure is
z0 = t− r , z1 = eiϕ tan θ2 = x+iyr+z
z0˜ = t+ r , z1˜ = e−iϕ tan θ2 = z
1
ℓ = dz0 = 1
r
(rdt −−→r d−→r ) , n = dz0˜ = 1
r
(rdt+−→r d−→r )
m = dz1 = 1
r(r+z)2 {[(r2 + rz + x2) + ixy]dx+
+[xy + i(r2 + rz + y2)]dy + [x(r + z) + iy(r + z)]dz}
ℓ ∧ n ∧m ∧m = −4i(r+z)2 dt ∧ dx ∧ dy ∧ dz
(4.5)
which is degenerate (≡ with vanishing relative invariants). It has singularities at
r = 0 = r+z and possibly at the projective infinity, where the affine coordinates
are not valid. It is known that the grassmannian manifold G4,2 admits an affine
space where the infinite LCR-submanifold (4.2) is compactified. It is apparently
interesting to see how our infinite physical ”flat spacetime” globally appears in
the precise ”unphysical” affine chart, where the Poincare´ transformation is no
longer quasi-linear. For that we have to find the Cayley transformation between
the corresponding projective coordinates. Consider the transformation
Y =
(
µ
ẑµ
)
= B
(
λ
−ir̂λ
)
, B = 1√
2
(
I I
−I I
)
E′ = BEB† =
(
I 0
0 −I
) (4.6)
which gives the Cayley transformation
r̂ = i(I + ẑ)(I − ẑ)−1 = i(I − ẑ)−1(I + ẑ)
ẑ = (r̂ − iI)(r̂ + iI)−1 = (r̂ + iI)−1(r̂ − iI)
(4.7)
It transforms the real surface (4.2) R4 to U(2). It is a 1 ⇔ 2 mapping. Using
the parameterization
U = eiτ
(
cos ρ+ i sin ρ cos θ i sin ρ sin θ e−iϕ
i sin ρ sin θ eiϕ cos ρ− i sin ρ cos θ
)
τ ∈ (−π, π) , ϕ ∈ (0, 2π) , ρ ∈ (0, π) , θ ∈ (0, π)
(4.8)
the Cayley transformation (restricted to R4) takes the form
t = sin τcos τ − cos ρ
x+ iy = sin ρcos τ −cos ρ sin θ e
iϕ
z = sin ρcos τ − cos ρ cos θ
r = sin ρcos τ − cos ρ =
− sin ρ
2 sin τ+ρ
2
sin τ−ρ
2
(4.9)
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Notice that the two R4 branches correspond to sin ρcos τ − cos ρ ≶ 0. The localized
singularities occur at sin ρcos τ − cos ρ = 0 and θ = π, and the singularity at infinity
occurs at sin ρcos τ − cos ρ = ∞, which is the Penrose[18] ±scri boundary of R4 at
infinity. This suggests that the positivity of r has to be imposed in the form of
the structure coordinates by simply writing
z0 = (t− r)H(−t + r) , z1 = eiϕ tan θ2 = x+iyr+z
z0˜ = (t+ r)H(t + r) , z1˜ = e−iϕ tan θ2 = z
1
(4.10)
which makes the structure coordinates generalized functions. This ”flat” LCR-
structure is static and rotationally invariant, and hence, as a quantum state, it
could correspond to a massive scalar particle.
Let us now look for a quadratic polynomial, which is invariant under the
left and right massless Poincare´ transformations [E = ±p3]. From the detailed
analysis (presented in the neutrino section), the unique (in the chosen Poincare´
group) degenerate quadratic surface of CP 3 is
K(Zm) = Z0Z1 = 0 (4.11)
The structure coordinates are
z′0 = t− z , z′1 = x+ iy
z′0˜ = t+ z , z1˜ = x− iy = z1 (4.12)
which are regular in R4. In compacted coordinates they have the form
z′0 = sin τ−sin ρ cos θcos τ − cos ρ , z
′1 = sin ρcos τ −cos ρ sin θ e
iϕ
z′0˜ = sin τ−sin ρ cos θcos τ − cos ρ , z
1˜ = z1
(4.13)
with an apparent singularity at ±scri. It seems to be a quite reasonable flat
vacuum. Notice that the following relation
dz0 = r+z2r dz
′0 − z′1˜2r dz′1 + r−z2r dz′0˜ − z
′1
2r dz
′1˜ (4.14)
indicates that the LCR-structures (4.5) and (4.11) are not equivalent, despite
the fact that both are degenerate.
Let us now consider the degenerate quadratic polynomial
K(Zm) = Z2Z3 = 0 (4.15)
with mixed helicities. The following are a quite simple set of structure coordi-
nates
z0 = t
2−r2
t+z , z
1 = x+iy
t2−r2
z0˜ = t
2−r2
t−z , z
1˜ = x−iy
t2−r2
(4.16)
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which implies the tetrad
ℓ = dz0 = (1 + x
2+y2
(t+z)2 )dt− 2xt+zdx− 2yt+zdy − (1 − x
2+y2
(t+z)2 )dz
n = dz0˜ = (1 + x
2+y2
(t−z)2 )dt− 2xt−zdx− 2yt−zdy + (1 − x
2+y2
(t−z)2 )dz
m = dz1 = 1(t2−r2)2 [−2t(x+ iy)dt+ (t2 − r2 + 2x(x+ iy))dx+
+i(t2 − r2 + 2iy(x+ iy)dy + 2z(x+ iy)dz]
ℓ ∧ n ∧m ∧m = 12i(t2−r2)(t2−z2)dt ∧ dx ∧ dy ∧ dz
(4.17)
It is apparent that the singularities (t2 − r2)(t2 − z2) = 0 cannot be absorbed
by simply performing a tetrad-Weyl transformation.
The algebraic definition of the ”flat” class of metrics [ηµν ] indicates the
algebraic definition of gravity. We simply replace the algebraic LCR-structure
conditions (4.2) with
X†EX =
(
G11(Xm1, X
m1) G12(Xm1, X
m2)
G12 G22(Xm2, X
m2)
)
K(Xmi) = 0
(4.18)
where Gij = Gij(Xmi, X
mj) are homogeneous functions with this precise de-
pendence on the two points of the algebraic variety determined by the Kerr
polynomial. The non-vanishing of these terms implies that the complex compo-
nent of rb = xb + iyb does not vanish and gravity emerges. In order to compute
this gravity yb(xa) generated by LCR-structure, it is convenient to use the pro-
jective coordinates of the grassmannian space G4,2 in a precise coordinate patch
(affine variety) with the following spinorial form
Xmj =
(
λAj
−irA′BλBj
)
(4.19)
of the rank-2 matrix Xmj, and define the tetrad
La = 1√
2
λ
A′1
λB1σaA′B , N
a = 1√
2
λ
A′2
λB2σaA′B , M
a = 1√
2
λ
A′2
λB1σaA′B
ǫABλ
A1λB2 = 1
(4.20)
which is null relative to the Minkowski metric ηab. Then the above relations
(4.18) take the form
2
√
2yaLa = G11(Y m1, Y
n1)
2
√
2yaMa = G12(Y m1, Y
n2)
2
√
2yaNa = G22(Y m2, Y
n2)
(4.21)
Recall that ya is the imaginary part of the projective coordinates ra = xa + iya
defined by the relation rA′B = r
aσaA′B and σ
a
A′B being the identity and the
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three Pauli matrices (2.11-2.13). The normalization of the spinors is permitted,
because of the homogeneity of the functions. These conditions are formally
”solved” by
ya = 1
2
√
2
[G22N
a +G11L
a −G12Ma −G12Ma] (4.22)
which combined with the computation of λAi as functions of ra, using the Kerr
conditions Ki(X
mi) = 0, permit us to perturbatively compute ya as functions
of the real part of ra. From the physical point of view, we may say that this
procedure gives the gravitational ”dressing” of the soliton (particle) in the form
ya = ya(x) of the (totally real) lorentzian CR-submanifold expressed in the pro-
jective coordinates of G4,2. The explicit form of y
a(x) is implied by the precise
dependence of Gij(Xmi, X
mj), considered real analytic, and their expansion
into a series relative to ya. This is just a simple application of the implicit
function theorem.
The definition of the Einstein metric permit us to define energy-momentum
and angular momentum as conserved quantities in the linearized Einstein gravity
approximation[15]. We find the following linearized gravity relations in the limit
gµν = ηµν + khµν +O(k
2)
R̂νρστ = lim
k→0
(k−1Rνρστ ) = 2∂[ν∂|[σhτ ]|ρ]
(4.23)
for the curvature tensor. The second Bianchi identities imply the conservation
condition of the Einstein tensor
∂µÊ
µ
ν = ∂µ[R̂
µ
ν − 12δµν R̂] = 0
Êρτ ≡ R̂ρτ − 12ηρτ R̂ = 12 [∂2hρτ + ∂ρ∂τhνν − ∂ρ(∂νhντ )−−∂τ (∂νhνρ)]
(4.24)
This means that the linearized Einstein tensor defines the energy-momentum
density as a preserved tensor distribution.
The standard model does not explain the existence of only three generations
of leptons and quarks. In the context of PCFT context the three generations of
flavors is imposed by gravity, despite the fact that the standard model does not
contain gravity. It is well known in general relativity[6], that in a geodetic and
shear-free null tetrad the first Ψ0 and last Ψ4 components of the Weyl tensor in
the Newman-Penrose formalism vanish, i.e.
Ψ0 = ΨABCDo
AoBoCoD = 0 , Ψ4 = ΨABCDı
AıBıCıD = 0 (4.25)
where ΨABCD is the conformal tensor in spinorial coordinates and o
A, ıA is the
geodetic and shear-free spinor dyad. In the zero gravity approximation we have
oA = λA1 and ıA = λA2, the two spinors which appear in the homogeneous
coordinates (2.11) of a flat LCR-structure. Hence in the linearized Einstein
gravity approximation we have the relations
ΨABCDo
AoBoCoD ≃ kΨ̂ABCDλA1λB1λC1λD1 +O(k2) = 0
ΨABCDı
AıBıC ıD ≃ kΨ̂ABCDλA2λB2λC2λD2 +O(k2) = 0
(4.26)
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That is, at every point of spacetime a gravitating (with non vanishing conformal
tensor) LCR-manifold is implied by at least a quadratic hypersurface of CP 3
(already known) and at most to a quartic branched hypersurface of CP 3. This
restriction imposes the existence of three generations of solitonic LCR-manifolds,
which are identified with leptons. We will see below that they are the Petrov
type D (the generation of the electron), the Petrov type II (the muon generation)
and the Petrov type I (the tau generation). The Petrov type III spacetimes
(LCR-manifolds) may not be realizable as elementary particles.
In order to clarify the computational procedure I will compute, point by
point, the gravitational dressing of the simple Schwarzschild metric. It has the
geodetic and shear-free null tetrad (2.17) with a = 0 = q. It is static and
scalar (rotationally symmetric) and Petrov type D (has a quadratic polynomial
hypersurface of CP 3). Its (linearized) Einstein tensor is
Êµν(x) = 0 , ∀ −→x ∈ R\{
−→
0 }
Êµν(x) = k0
.
ξ
µ
(τ )
.
ξν(τ )δ(x
µ − ξµ(τ ))
ξµ(τ ) = (τ , 0, 0, 0)
(4.27)
where the second form is the conventional expression in general relativity. We
know that the singularity r = 2M of the metric can be removed with a coordi-
nate transformation, but notice that it cannot be removed for the LCR-manifold.
Its embedding map is
Xmi =

1 −z1˜
z1 1
−iz0 iz1˜z0˜
−iz1z0 −iz0˜

z0 = t− f0(r) , z1 = eiϕ tan θ2 , z0˜ = t+ f0(r) , z1˜ = z1
f0(r) = r + 2M ln(r − 2M + i0) = r + 2M ln |r − 2M |+ 2iπMH(2M − r)
(4.28)
where the structure coordinates are generalized functions considered as limits
of ”upper half-plane” holomorphic functions to its real line. I essentially apply
the formula[10]
ln(x+ i0) = ln |x|+ iπH(−x)
ln(r − 2M + i0) = r + 2M ln |r − 2M |+ 2iπMH(2m− r)
(4.29)
from which we find the gravitational dressing
rA′B ≡ xA′B + iyA′B = i
(
−iz0 iz1˜z0˜
−iz1z0 −iz0˜
)(
1 −z1˜
z1 1
)−1
=
=
(
t− r′ cos θ −r′ζ
−r′ζ t+ r′ cos θ
)
− 2iπMH(2M − r)
(
cos θ ζ
ζ − cos θ
)
r′ ≡ r + 2m ln |r − 2m| , ζ ≡ eiϕ tan θ2
(4.30)
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This degenerate massive scalar configuration is rather unstable because it does
not have any topological protection. Besides r =
√
x2 + y2 + z2 expands[10] to
plane-waves.
Generalizing the above simple examples of scalar LCR-structures we may
consider the general real Newman trajectories ξb(τ ), which may generally viewed
as ”interacting” LCR-structures. The CP 3 embedding (2.14) imply
(rA′A − ξA′A(τ ))λA = 0 (4.31)
which completely determines the holomorphic solutions τ (ra) and projectively
λA(ra). The term ”real” here means that all the parameters of the function ξb(·)
are real or the mathematically correct condition that the coefficients of a ra-
local Taylor expansion are real numbers, but the solutions τ(ra) , λA(ra) may be
complex. The relations (projections) ra(xb) down to the real plane R4 is implied
by (4.22). The number of solutions τ (ra) , λA(ra) depends on the spacetime
points and essentially characterize the multiplicity of the generally forth degree
polynomial of the conformal tensor ΨABCD. Hence we may have the following
possibilities: 1) At the points ra(xb) where we have one solution τ(ra(x)) and
λA(ra(x)), the corresponding LCR-manifold needs a second trajectory to be
defined. Using as second trajectory that of the vacuum, then we interpret
it as an object with only one chirality. 2) At the points with two solutions
τ i(r
a) , λAi(ra) with i = 1, 2, is the most common form of the LCR-manifold,
because it provides the classical notion of a generally interacting particle. This
is completely clarified in the newtonian approximation. I first normalize the
parameter τ as ξ0 = cτ , where the velocity of light c is explicitly written. Then,
the condition for the existence of non-vanishing solutions λA(ra) from (4.31),
takes the form
(cr0 − cτ )2 − (rj − ξj(τ ))2 = 0
z0 = τ1 = r
0 − 1
c
√
(rj − ξj(τ1))2 ≃ t− 1c
√
(rj − ξj(t))2 +O( 1
c2
)
z0˜ = τ2 = r
0 + 1
c
√
(rj − ξj(τ2))2 ≃ t+ 1c
√
(rj − ξj(t))2 +O( 1
c2
)
(4.32)
We see that the structure coordinates z0, z0˜ are retarded and advanced ”wave”
functions indicating that physical causality comes from the LCR-structure. Be-
sides, these ”waves” come from the same point rj − ξj(t) = 0, interpreted as
the trajectory of the LCR-manifold (particle). 3) At the points with three so-
lutions τ i , i = 1, 2, 3, we may generally have the three LCR-structures (τ1, τ2)
, (τ1, τ3) , (τ2, τ3) and their complex conjugates. Recall that integral curves
bifurcate. Hence we may have a LCR-structure (two roots (τ ′1, τ
′
2), one particle)
in which and at a given point the integral curve ℓµ∂µ bifurcates τ
′
1 → (τ1, τ2).
Then the natural implied LCR-structure (particle) evolution is
(τ ′1, τ
′
2)→ (τ1, τ ′2) + (τ2, τ ′2) (4.33)
which is a typical particle disintegration. 4) Using the linearized gravity ap-
proximation (4.26), I have already showed that the LCR-manifold with four
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solutions is the largest Einstein spacetime (with gravity). The implied bifurca-
tions are more complicated. The natural particle picture is when two decoupled
stable particles, one LCR-manifold with two decoupled pairs (τ1, τ2) , (τ3, τ4)
of solutions through the formation of LCR-structures with up to four λA(ra)
solutions[18], which finally disintegrate into stable particles, considered embed-
ded into a flat spacetime (which is compatible with any number of geodetic and
shear free congruences).
5 ELECTRON AND ELECTRODYNAMICS
Like the 2-dimensional Polyakov action (and its supersymmetric evolution), the
present 4-dimensional PCFT does not explicitly contain the observed particles
as independent fields. Therefore they have to be found as stable configurations.
In string theory the guiding clue was the Poincare´ group of the 26-dimensional
Minkowski space, emerging after the identification of the Xµ(x) field with the
embedding function of the string in to the 26-dimensional Minkowski space.
It is well known that string theory tried to identify the observed elementary
particles with the lowest string modes. In the context of PCFT the gluon field
is identified with the gauge field (LCR vector bundle), which explicitly appears
in the action, and the observed elementary particles are identified with precise
(distributional) solitons.
If we identify the 4-dimentional flat spacetime with the boundary (4.2) of
the SU(2, 2) classical domain, the linear subgroup[20] of SU(2, 2), which fixes
the projective ”infinity” (the scri in the Penrose terminology), becomes the
physical Poincare´×Dilation group. The particles will emerge as stable solitonic
(configurations) generalized functions (Schwartz distributions or Sato’s hyper-
functions) viewed as potentials of their distributional sources identified with the
fermionic flavors (leptons and quarks). The stable particles (electron, neutrino,
and up and down quarks) admit the automorphisms of time translation and
z-axis rotation, which make them eigenstates of the corresponding generators of
a Poincare´ representation. The unstable (decaying) elementary particles admit
only the z-rotation automorphism. That is we only consider that they can have
only exact spin.
The Poincare´×Dilation transformation in the Siegel (chiral) realization is(
λ′
−ir′λ′
)
=
(
B 0
−iTB (B†)−1
)(
λ
−irλ
)
r′ = (B−1)†r(B−1) + T , T † = T
(5.1)
where for detB = 1 is the Poincare´ transformation. This is an automorphism
of the degenerate LCR-structure (4.5). The proof[28] uses the Newman replace-
ment of the quadratic Kerr polynomial (4.15) with a trajectory ξa = (τ , 0, 0, 0).
Under a Poincare´×Dilation transformation this trajectory becomes a real linear
trajectory ξa = vaτ+ca (2.15) with vavbηab = 1. The two structure coordinates
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z0 = τ1 and z
0˜ = τ2 are determined from
(xa − ξa(τ j))2 = 0 (5.2)
for each column of the homogeneous coordinatesXmi, and found to be invariant,
because the above defining form is invariant. The spinors λAj are the dyad,
which determine the null vectors ∆a(j) = (x
a − ξ(j)a(τ j)), that is[18]
(xa − ξa(τ j)) = λj†σaλj (5.3)
with the same trivial trajectory for both j = 1, 2 before and after the Poincare´
transformation. The (real) translation does not affect the spinors. The Lorentz
transformation changes the trajectory, but its form remains the same for j =
1, 2. We precisely find
∆0(j)
∆1(j)
∆2(j)
∆3(j)
 =

∆
∆(j) sin θ cosϕ
∆(j) sin θ sinϕ
∆(j) cos θ
 =

λ0jλ0j + λ1jλ1j
λ1jλ0j + λ0jλ1j
iλ1jλ0j − iλ0jλ1j
λ0jλ0j − λ1jλ1j

∆(1) = ∆ , ∆(2) = −∆
(5.4)
Before the Lorentz transformation with zero velocity the LCR-structure condi-
tion Xm1EmnX
n2 = 0 implies z1˜ = z1. After the transformation ∆, θ, ϕ change,
but the relation of the structure coordinates remains the same, z′1˜ = z′1, i.e.
z1 = λ
11
λ01
= ∆2 sin θe
iϕ , z1˜ = −λ02
λ12
= ∆2 sin θe
−iϕ (5.5)
From their definition the two spinors have opposite chiralities. That is, even the
vacuum configurations ”see” the two chiralities, on which the standard model
is built up.
We will now look for solitonic LCR-structures. The knowledge of the ”physi-
cal” Poincare´ group permit us to look[24] for static and axially symmetric LCR-
manifolds. That is massive LCR-structures, which admit time translation and
z-rotations as automorphisms. These stable solitons are states of the Hilbert
space and hence eigenstates of the translation and the z-rotation generators.
For a LCR-manifold embeddable in G4,2, I consider the following structure
coordinates and LCR-conditions
z0 ≡ iX21
X01
, z1 ≡ X11
X01
, z0˜ ≡ iX32
X12
, z1˜ ≡ −X02
X12
z0−z0
2i − U( z
0+z0
2 , z
1, z1) = 0 , z1˜ − Z(z0˜, z0, z1) = 0 , z0˜−z0˜2i − V ( z
0˜−z0˜
2 , z
1˜, z1˜) = 0
(5.6)
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Then the infinitesimal time-translation and z-rotation are
δX0i = 0 , δX1i = 0 , δX2i = −iε0X0i , δX3i = −iǫ0X1i
δz0 = ε0 , δz1 = 0 , δz0˜ = ε0 , δz1˜ = 0
δX0i = −i ε122 X0i , δX1i = i ε
12
2 X
1i , δX2i = −i ε122 X2i , δX3i = i ε
12
2 X
3i
δz0 = 0 , δz1 = iε12z1 , δz0˜ = 0 , δz1˜ = −iε12z1˜
(5.7)
and the LCR-structure conditions become
z0−z0
2i − U(z1z1) = 0 , z1˜ − z1W (z0˜ − z0) = 0 , z
0˜−z0˜
2i − V (z1˜z1˜) = 0
(5.8)
I also found[26] that only the quadratic Kerr polynomial
K(Xm) = X1X2 −X0X3 + 2aX0X1 = 0 (5.9)
admits these automorphisms among all the polynomials of maximal degree four.
Notice that if we try to impose the dilation as an additional automorphism, we
find a = 0, which is the ”spherical” degenerate LCR-structure (4.15). The quite
general LCR-tetrad (2.17) (with ∆(r) arbitrary) satisfies these conditions, the
additional condition of asymptotic flatness at null infinity
Xm1EmnX
n1 = 0 = Xm2EmnX
n2
z0−z0
2i + 2a
z1z1
1+z1z1
= 0 , z1˜ − z1W (z0˜ − z0) = 0 , z0˜−z0˜2i − 2a z
1˜z1˜
1+z1˜z1˜
= 0
(5.10)
and a symmetry between the left and right chiral columns z1z1 = z1˜z1˜. Its
embedding in G42 is
Xmi =

1 −z1˜
z1 1
−iz0 iz1˜(z0˜ − 2ia)
−iz1(z0 + 2ia) −iz0˜

z0 = t− f0(r) − 2ia sin2 θ2 , z1 = eiϕe−iaf1(r) tan θ2
z0˜ = t+ f0(r) + 2ia sin
2 θ
2 , z
1˜ = e−iϕe−iaf1(r) tan θ2
f0(r) =
∫
r2+a2
∆ dr , f1(r) =
∫
1
∆dr
(5.11)
The gravitational dressing of the electron can be easily computed. It is stable
relative to the vacuum, because it has non-vanishing all its relative-invariants
Φj .
A different way to find a static and axially symmetric LCR-structure is first
to solve the problem for flat compatible LCR-structures which satisfy the Kerr
polynomial (5.9). After we apply the well known Kerr-Schild ansatz to find
the corresponding curved LCR-structure. The final result[22] is the same LCR-
manifold (2.17).
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The general quadratic form, which is invariant (but not automorphic) under
a Poincare´ transformation is
AmnZ
mZn = 0
Amn =
(
ω P
P⊤ 0
)
, P =
(−(p1 − ip2) −p0 + p3
p0 + p3 (p1 + ip2)
)
= −pǫ
p =
(
p0 − p3 −(p1 − ip2)
−(p1 + ip2) p0 + p3
)
, ǫ =
(
0 1
−1 0
)
, det p 6= 0
(5.12)
The variables pµ are the momentum (boost) parameters and ω is the spin. If
we first make a boost transformation, we can annihilate the momenta. After we
make a general complex translation(
X ′1
X ′2
)
=
(
I 0
C I
)(
X1
X2
)
r′ = r + iC , C† 6= ±C
(5.13)
Then the spin matrix transforms as follows
ω′ = ω + 2m
(−(C1 − iC2) C3
C3 (C1 + iC2)
)
(5.14)
We see that a real translation (C = −iT ) cannot remove the spin matrix. But
a complex translation can do it. This means that the spin can be considered as
a complex space translation in G4,2. That is, the spin can be considered as an
imaginary space translation in G4,2, which explains why the Newman ”magic”
complex translation[17] of the Schwartzschild metric implies the Kerr metric.
Besides notice that a complex time translation does not affect the quadric.
5.1 Microlocal analysis of the electron
We saw that the LCR-tetrad defines the class of symmetric tensors [gµν ], which
appear as the gravitation field. Besides the LCR-tetrad defines the class of
antisymmetric tensors
[Jµν ] = ℓµnν − ℓνnµ −mµmν +mνmµ (5.15)
Flaherty observed[8] that the metric gµν defines an integrable pseudo-complex
structure (pseudo, because it is not a real tensor)
Jµν = ℓ
µnν − nµℓν −mµmν +mµmν (5.16)
Its Nijenhuis integrability conditions coincide with the LCR-structure condi-
tions. Notice that this tensor is invariant under the tetrad-Weyl transformation
and that the LCR-tetrad are eigenvectors of this tensor. That is gµν and Jµν
determine the LCR-structure.
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In the special case of the stable LCR-sructure (2.17), the self-dual 2-form
admits a multiplicative function, which makes it ”closed” up to a singular source.
G+ = 2C(r+ia cos θ)2 (ℓ ∧ n−m ∧m) = G− i ∗G (5.17)
where C is an arbitrary complex constant. That is, it defines an electromagnetic
field G determined by the self-dual 2-form G+. It is closed outside a distri-
butional singularity concentrated at the ring-singularity of the LCR-manifold,
which provides a generally complex (electric plus magnetic) charge. Hence for
an arbitrary complex constant C, this complex 2-form defines a real 2-form G
such that
dG = − ∗ jm , d ∗G = − ∗ je (5.18)
where je and jm are the ”electric” and ”magnetic” currents. These are appar-
ently analogous to the symmetric Maxwell equations (with both electric and
magnetic monopoles), which were used by Dirac to prove the quantization[7] of
the electric charge. It implies that the general electric charge is quantized[24].
But the apparent symmetry under the duality rotation absorbs the magnetic
charge (or electric charge) leaving detectable only one kind of monopoles, as
observed in nature
dG = 0 , d ∗G = − ∗ je (5.19)
That is, here we have a ”self-quantization” of the electric charge. But once
fixed, the conserved electric charge reduces the general tetrad-Weyl symmetry
(1.8) down to the ordinary Weyl symmetry of the electromagnetic field. The
precise tetrad-Weyl factors used in (2.18) give a metric, which coincides with
the linearized gravity approximation, and hence define the Poincare´ conserved
quantities. This fact fixes the remaining ordinary Weyl transformation. That is
the precise tetrad-Weyl factors, which provide the conserved charge, momentum
and angular momentum of the electron, fix (break) the tetrad-Weyl symmetry.
Now it is trivial to show that the positron is the conjugate LCR-structure
(zα, zβ˜), which corresponds to the tetrad (ℓ,m;n,m). From the definition of the
electromagnetic form (5.17) we easily see that its electric charge has opposite
sign from that of the electron LCR-manifold. Hence we have to identify the
conjugate LCR-structure with the antiparticle as long as these two conjugate
structures are not equivalent.
In order to avoid any confusion, I want to point out that the derivation of the
electromagnetic equations (5.19) must be interpreted that the static solitonic
LCR-manifold (2.17) admits a distributional potential implied by the closed self-
dual 2-form (5.17). Other solitonic LCR-manifolds, having this precise 2-form
closed, will be considered to have an electromagnetic charge. No more general-
izations are permitted. The other important point is to realize the meaning of
the ring-singularity, which essentially determines the electron. In the context of
the Einstein gravity (based on riemannian geometry), the ring-singularity is an
essential singularity. That is, it cannot be removed by a real coordinate trans-
formation, in contrast to the (soft) horizon singularities, which are coordinate
singularities. In PCFT the ring-singularity comes from the branch curve of the
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regular quadratic hypersurface of CP 3, which is a coordinate singularity. It is
implied by the projection of the two sheets (branches) of the surface into a CP 2
subspace of CP 3.
Recall that electromagnetism (either classical or quantum) and gravity start
imposing the sources as independent ”objects”. But here the solitonic electron
comes with the metric and the distributional closed self-dual 2-form, which
contains both its gravity and electromagnetic field ”dressing” with their sources.
Using the generalized function terminology, we state that the electron is the
singular support, and electromagnetism (and gravity) is the regular support
of the soliton configuration, being a generalized function. The Kerr-Newman
manifold has been extensively studied, but I describe here its electromagnetic
field in oblate spheroidal
x =
√
r2 + a2 cosϕ sin θ , y =
√
r2 + a2 sinϕ sin θ , z = r cos θ
cos θ = z
r
, sin2 θ = x
2+y2
r2+a2 ,
x2+y2
r2+a2 +
z2
r2
= 1
(5.20)
and cartesian coordinates, in order to compare its singular part with the corre-
sponding singular part of the gluonic field of the quark soliton. The self-dual
2-form is
G+ = G− i ∗G = e4pi(r+ia cos θ)2 (ℓ ∧ n−m ∧m) =
= e4pi(r+ia cos θ)2 [dt ∧ dr − ia sin θdt ∧ dθ + a sin2 θdr ∧ dϕ− i(r2 + a2) sin θdθ ∧ dϕ]
(5.21)
in oblate spheroidal coordinates. In cartesian coordinates its electric
−→
E and
magnetic
−→
B fields have the form
E1 = −exr
5
4pi(r4+a2z2)2 , E
2 = −eyr
5
4pi(r4+a2z2)2 , E
3 = −ezr
3(r2−a2)
4pi(r4+a2z2)2
B1 = eaxzr
4
4pi(r4+a2z2)2 , B
2 = eayzr
3
4pi(r4+a2z2)2 , B
3 = ear
3(r2+z2)
4pi(r4+a2z2)2
(5.22)
The singularities occur at the ring (r, z)=(0, 0). After a Poincare´ transforma-
tion, this local singularity moves with a constant velocity, as expected from the
solitonic origin of the configuration.
The LCR-structure relations (2.1) imply the eikonal relations
gµν(∂µz
α)(∂νz
β) = 0 , Jµν(∂µz
α)(∂νz
β) = 0
gµν(∂µz
α˜)(∂νz
β˜) = 0 , Jµν(∂µz
α˜)(∂νz
β˜) = 0
(5.23)
which indicate wavefront singularities. These are singularities[33] of a general-
ized function determined by the position and the direction of its Fourier trans-
form (x; k). A singular point x, in all the directions k, will be called localizing
singularity. Typical examples of such singularities are the delta (Dirac) func-
tions. The singular points x with precise cones of ”bad” directions will be
31
called quantum singularities. These are essentially singularities implied by the
characteristics of wave equations on their solutions. The electromagnetic (and
gravitational) ”dressing potential” singularities are localizing singularities, and
we will treat them as classical solutions determining the ”particle”. The char-
acteristics of the differential operators of the free photon and electron are the
quantum modes of photon and electron. The naif way to consider the general
solution of equation (5.18) is
Aµ = A
C
µ +A
Q
µ , j
µ = jµC + eψγ
µψ
∂µF
µν
C = j
ν
C , ∂µF
µν
Q = eψγ
νψ
[γµ(i∂µ − eACµ (x)) −m]ψ = eγµAQµ ψ
(5.24)
where the first term is the classical solitonic solution with the localization singu-
larity and the second is the quantum solution with the wavefront singularity[2].
The last fermionic equation is a general self-consistent condition imposed by the
current conservation implied by (5.19). Notice that the electromagnetic ”dress-
ing” introduces a repulsive potential of order e2. The gravitational ”dressing”
may also enter with the classical electron tetrad, but I will ignore it below.
From the mathematical point of view the classical ACµ contains the localizing
singular and regular part of the distributional solution and the quantum part
AQµ contains the other wavefront singularities implied by the principal symbol
of the pseudo-differential operator (it represents the wave-particle duality). The
quantum part AQµ of the electromagnetic field interacts with the quantum part
(wavefront propagation) of the electron. The classical part ACµ (electromagnetic
dressing of the electron) intervenes through the quantum electron propagator.
The Schwartz proper definition of generalized functions[10] lead to rigged Hilbert
space[11] and the Hormander formulation of the wavefront singularities[33]. Re-
call that the positive and negative energy solutions of the free photon with two
polarizations i = 1, 2,
A±µ = εµ(i,
−→
k )e±ikx
k0 = |−→k | (5.25)
are generalized functions with wave front WF (A±µ ) = [(t,
−→x ); (±|−→k |,−→k 6= −→0 )].
Hence quantum creation, propagation and annihilation may be understood as
the creation, propagation and annihilation of the wavefront singularities. The
Bogoliubov[2] reformulation of the Wightman axioms, using his microcausality
relation, clarifies quantum field theory. The S-matrix is properly defined as a se-
ries with coefficients recursively computed, turning the renormalization problem
to an appropriate definition of the product of the implied distributions[31]. This
formalism is used in the next subsection to derive an effective quantum electro-
dynamics, where the local singularity of the electron is incorporated besides the
conventional quantum singularities of the photon and electron.
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5.2 Derivation of quantum electrodynamics
I will apply the Bogoliubov-Medvedev-Polivanov (BMP)[2] axiomatic formu-
lation of a quantum field theory, viewed as a method for the construction of
renormalizable effective quantum field theories. This method has been exten-
sively described in the Bogoliubov-Shirkov book[3]. It approaches the axiomatic
formulation of a quantum field theory starting from the S-matrix and the in-
troduction of a ”switching on and off” function c(x) ∈ [0, 1] and assuming the
following expansion of the S-matrix
S = 1 +
∑
n≥1
1
n!
∫
Sn(x1, x2...xn)c(x1)c(x2)...c(xn)[dx] (5.26)
where Sn(x1, x2...xn) are generalized functions, which depend on the complete
free field functions (the local Poincare´ representations of the particles) and not
its separate ”positive” and ”negative” frequency parts. That is, the S-matrix
is an operator valued functional in the Fock space of free relativistic particles.
Apparently this perturbative expansion needs the existence of a small coupling
constant. The imposed axioms are
Poincare´ covariance : UPSn(x1, x2...xn)U
†
P = Sn(Px1, Px2...Pxn)
Unitarity : SS† = S†S = 1
Microcausality : δ
δc(x) [
δS(c)
δc(x)S
†(c)] = 0 for x - y
Correspondance principle : S1(x) = iLint[φ(x)]
(5.27)
where φ(x) denotes the free particle fields and x - y means x0 < y0 or (x−y)2 <
0. A general solution of these conditions is
S = T [exp(iL[φ(x); c(x))]
L[φ(x); c(x)] = LInt[φ(x)]c(x) +
∑
n≥1
1
n
∫
Λn+1(x, x1...xn)c(x)c(x1)...c(xn)[dx]
(5.28)
where Λn(x, x1...xn) are quasilocal quantities (arbitrary add-ons of generalized
functions[10]), which permit the renormalization process. This order by or-
der construction of a finite S-matrix (with possibly infinite hamiltonian and
lagrangian) provides a well established algorithm to distinguish renormalizable
with non-renormalizable interaction lagrangians[3]. The initial BMP form of the
action contains a non-permitted multiplication of time step functions with other
distributions. Epstein-Glaser showed[31] that the recursive procedure does not
essentially need these non-defined multiplications.
The BMP formalism is based on the well defined rigged Hilbert-Fock space
of the free quantum field representations of the Poincare´ group. The advantage
of the BMP procedure is that it can be used in the opposite sense. Knowing the
(free) Poincare´ representations, they are identified with ”free particles” with pre-
cise mass and spin. Then they are described with the corresponding free fields,
which are used to write down an effective interaction lagrangian, suggested by
the fundamental dynamics. In the present case, the fundamental dynamics is
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the PCFT and the particles are the solitonic solutions and their corresponding
potentials which satisfy the wave equations. The suggested interaction takes the
place of the ”correspondence principle” in the BMP procedure. In the present
case of effective electrodynamics, the suggested interaction is
LEM = eψγ
µψAµ (5.29)
where ψ is the Dirac field and Aµ is the quantum electromagnetic field with
its propagator implied by (5.24). Notice that in the derived quantum electro-
dynamics the electron field is not exactly the free BMP field. It continues to
be a representation of the Poincare´ group, but incorporates the electromagnetic
dressing of the electron. The order by order computation introduces coun-
terterms to the action (with up to first order derivatives). If the number of the
forms of the counterterms is finite, the action is renormalizable and the model is
considered compatible with quantum mechanics, otherwise the whole construc-
tion is rejected as inapplicable. The great value of this constructive procedure
will appear in its application for the construction of the effective action of the
standard model.
In the BMP procedure we do not need all the interactions from the beginning.
The order by order (perturbative) calculation of the S-matrix, permits the incor-
poration of all the ”needed” additional lagrangian interactions imposed by the
emerging counterterms. The restriction is that the final implied order-by-order
lagrangian must have a finite number of terms without higher order derivatives,
which are the conditions of renormalizability and compatibility with quantum
mechanics. These are necessary additional conditions, because the effective
theory corresponds to a renormalizable well defined fundamental lagrangian,
the PCFT. The effective quantum electrodynamics, derived from the classical
photon-electron current interaction (correspondence principle), does not need
additional terms. But its extension with (some) weak interaction terms, addi-
tional terms and conditions between the masses and the coupling constants will
be needed for the interaction lagrangian to become self-consistent (renormaliz-
able).
The difference between the conventional quantum electrodynamics and the
present derived one can be computed from the present ”free” electron field
relation (5.24). The ”free” electron field contains its electromagnetic ”dressing”,
which is a repulsive potential of order e2 of the same charge. This will appear
in the electron propagator implying higher order corrections, which may be
experimentally detected in the positronium.
The (effective) quantum electrodynamics describes extremely well current
phenomenology. Up to now it was thought that it also solves the electron gyro-
magnetic ratio g = 2 and its ”self-force” problem of classical electrodynamics.
But these two problems are solved even in the first solitonic approximation
(without quantum corrections) in the context of PCFT. The gyromagnetic ra-
tio of the Kerr-Newman manifold was computed by Carter[5], and the calcula-
tions of Newman and collaborators[17] in the asymptotic limit along a geodetic
and shear-free null congruence do not contain the ”self-force” term. These two
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”magic recesses” raise the question whether the simple by-hand replacement of
the current with the second-quantized form can be properly (mathematically)
implied.
It is well known that the consideration of the linearized metric hµν as a
spin-2 massless particle interacting with the electron Dirac field ψ(x) does not
generate an effective quantum theory of gravity[32], because the recursive pro-
cedure does not provide a closed effective lagrangian form (after the summation
of all the order by order counterterms). It would be very interesting to look
whether the renormalizability is achieved if we incorporate the additional con-
ditions on hµν to admit two geodetic and shear-free congruences. In the next
section and in the case of the standard model for the first generation of leptons
(electron and neutrino) we will see that the application of the BMP recursive
procedure provides a renormalizable (closed form) lagrangian only if the masses
and coupling constants satisfy the well known standard model conditions.
From the mathematical point of view, the Bogoliubov procedure (combined
with the Epstein-Glaser remarks) may be considered as the triumph[31] of gen-
eralized functions. The quantization procedure seems to be arranged (rigged
Hilbert space of the free fields viewed as representations of the Poincare´ group)
such that the S-matrix avoid the non-permitted products of generalized func-
tions. Formally, the ”interacting” electron LCR-structure is described by a
general trajectory viewed as the sum of two real analytic vectors ξaR(τ ) and
ξaI (τ )
ξa(τ ) = ξaR(τ ) + iξ
a
I (τ )
(dξ
a(τ)
dτ
)2 6= 0 (5.30)
where the real part describes the soliton trajectory and the imaginary part ap-
pears as the spin of the interacting electron. This is the ”localizing” singularity
of the electron related to its electromagnetic dressing through the fundamen-
tal property of the Schwartz distributions to be the derivatives of continuous
locally integrable functions. But the electron is also characterized by the wave-
front singularities of the Dirac differential operator (5.24). Ordinary quantum
electrodynamics describes the propagation of the wavefront singularity. It does
not see the movement of localizing singularity. This is the reason that the exper-
imental verification of quantum electrodynamics needs the external introduction
of the notion of wavepacket. In the present context of PCFT both singularities
find their ”raison d’eˆtre” and harmonic coexistence. In the next section, we will
see that this harmonic coexistence has not yet been achieved for the massless
neutrino, possibly because its localizing singularity is not compact (bounded
and closed) in R3.
6 NEUTRINO AND STANDARD MODEL
The search for the electron-soliton started from the quite general assumptions
to be massive and automorphic relative to time translation and z-rotation. That
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is in quantum theory terminology, looking for massive eigenstates of the hamil-
tonian and z-component angular momentum. The found stable LCR-manifold
is quite restrictive without any indication for the existence of other connected
massive configuration. On the other hand the trajectory (5.11) of the Poincare´
group in the set of quadratic algebraic surfaces of CP 3 provides two possibil-
ities. The massive irreducible regular (rank-4) quadratic surface (5.11) with
det p 6= 0, which is identified with the electron, and the massless reducible sur-
face det p = 0, which is apparently singular. Therefore, I focus my search for a
massless stable LCR-structure, described by this reducible quadratic surface of
CP 3.
It is computationally easier to first to look for a LCR-structure compatible
with a minkowskian class [ηµν ] of metrics (a flatprint in the terminology of
general relativity) and after applying a Kerr-Schild ansatz to find a curved
candidate. So we look for a Kerr polynomial (5.11) with det p = 0, which is
automorphic relative to the z-rotation (5.7). No rank-3 quadratic surface of the
form (5.11) survives this condition. For every helicity [E = ±p3] of the neutrino
LCR-structure, I only find the rank-2 union of the following two planes
[E = −p3] : X3 − aX1 = 0 , X0 = 0
[E = +p3] : X1 = 0 , X2 + bX0 = 0
(6.1)
in the frame with p1 + ip2 = 0.
The union of two planes is singular at their intersection line, if they are
embedded in CP 3. It is well known in algebraic geometry that this kind of
singularities are resolved with the blowing-up procedure[13]. That is, this sin-
gularity is essentially fictitious implied by the embending of both hyperplanes
in CP 3. It disappears if they are embedded in larger projective spaces. The
analogous simple example is the union of two lines embedded in RP 2, which
are singular at their intersection point. But the union of two non-intersecting
lines embedded in RP 3 are generally nowhere singular. That is, while the chi-
ral component is well defined as a surface of CP 3, both chiral components are
not a regular hypersurface of CP 3. Blowing up a point of CP 3, we essentially
consider its singular hypersurfaces as surfaces of CP 3×CP 2. But the Poincare´
group in PCFT is directly related to CP 3. Therefore massless LCR-manifolds
cannot be properly treated as representations of the Poincare´ group. The reader
will realize it, because unlike the clear-cut description of regular quadric, the
neutrino 2-plane description is not fully satisfactory.
The intersection (complex) line of the first two hyperplanes of CP 3 of (6.1) is
at the infinity of the X0 = 1 affine space, while the intersection line of the next
two hyperplanes of (6.1) is at the infinity of the X1 = 1 affine space. Therefore
no neutrino trajectory (singular line) is seen in the affine space
Xni =
(
λAi
−ixA′AλAi
)
(6.2)
of the grassmannian G4,2, where the trajectory (5.11) of the Poincare´ group has
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been considered. This fact should be interpreted that the two stationary chiral
neutrinos do not have a classical trajectory in spacetime. These stationary
neutrinos have Φ2 = Φ3 = 0 vanishing relative invariants. Besides, unlike
the electron LCR-structure, the corresponding 2-form (5.17) does not admit
electromagnetic sources, hence they are chargeless.
It is very instructive to consider the following linear Kerr polynomials
X31 − aX11 = 0 , X22 + bX02 = 0 (6.3)
for the left and right columns of the homogeneous coordinates. It is not sta-
tionary, but it has a singular trajectory
−(x1 + ix2)λ01 + (x0 + x3 − ia)λ11 = 0
(x0 − x3 + ib)λ02 − (x1 − ix2)λ12 = 0
λ01 : λ11 ∼ λ02 : λ12 =⇒
(b+ a)x3 + (b− a)x0 = 0 , (x1)2 + (x2)2 = ab[ (2x0)2(a+b)2 + 1]
(6.4)
For ab > 0 it is not realistic, because the singularity ring ”explodes”. But
if b = 0 it has a massless line trajectory. For a 6= 0 6= b the LCR-structure
conditions are
XmiEmnX
nj = 0
z0−z0
2i + az
1z1 = 0 , z1˜z0 + (z0˜ + ia)z1 = 0 , z
0˜−z0˜
2i − bz1˜z1˜ = 0
(6.5)
This is like a twisted natural U(2) LCR-structure[27], because its third relative
invariant vanishes, Φ3 = 0. The LCR-tetrad can be directly found.
For b = 0, the structure coordinates are
z0 ≡ iX21
X01
, z1 ≡ X11
X01
, z0˜ ≡ iX32
X12
, z1˜ ≡ −X02
X12
z0 = x0 − x3 − (x1)2+(x2)2
x0+x3−ia , z
1 = x
1+ix2
x0+x3−ia
z0˜ = x0 + x3 − (x1)2+(x2)2
x0−x3 , z
1˜ = x
1−ix2
x0−x3
u = x0 − x3 − (x1)2+(x2)2(x0+x3)2+a2 (x0 + x3)
v = x0 + x3 − (x1)2+(x2)2
x0−x3
(6.6)
The convenient structure coordinates are
z′0 = − 1
z0
= u′ − iaz′1z′1 , z′1 = − z1
z0
= ζ′
z′0˜ = z0˜ = v′ , z′1˜ = z
1˜
z0˜+ia
= z′1
z′1˜ = z
1˜
z0˜+ia
= − z1
z0
= z′1
(6.7)
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In these coordinates the following tetrad can be easily computed
L = du′ + iaζ′dζ′ − iaζ′dζ ′ , N = dv′ , M = dζ′
dL = −2iaM ∧M , dN = 0 , dM = 0
Lµ∂µ = ∂v′ , N
µ∂µ = ∂u′ , M
µ∂µ = −iaζ′∂u′ − ∂ζ′
(6.8)
Note that this flat LCR-structure has vanishing Φ2 = Φ3 = 0 relative invariants.
The Kerr-Schild ansatz may be applied either on L or on N . I will consider
the later case, in order to show an interesting effect of gravity. Let
ℓ = L , m =M , n = N + fL (6.9)
The LCR-structure condition fixes the form of f(x) because
dn = df ∧ L+ fdL = Z2 ∧ n+ iΦ2m ∧m
Mµ∂µf = 0 =⇒ ∂u′f = 0, ∂ζ′f = 0
(6.10)
Hence f = f(v′) depends only on v′. Notice that the structure relations now
take the form
dℓ = −2iam ∧m , dm = 0
dn = df ∧ L+ fdL = Z2 ∧ n+ iΦ2m ∧m (6.11)
with non-vanishing relative invariants Φ1 6= 0 6= Φ2 = −2iaf . That is gravity
may generate a right chirality and the neutrino flatprint LCR-structure may
not be a smooth deformation of the curved one, as it happens for the electron
LCR-structure.
The next question we have to answer is whether the neutrino admits an elec-
tromagnetic potential. By analogy to the electron LCR-structure, the neutrino
(6.9) ”electromagnetic field” should be defined by the self-dual 2-form
F+ = Ce2iav
′
(ℓ ∧ n−m ∧m) = Ce2iav′(L ∧N −M ∧M) (6.12)
where C is an arbitrary complex constant. It is closed and exact, because a
straightforward application of Stokes’ theorem on the t and r constant sphere
implies no sources. One can see it by simply observing that it is an exact form,
because the imaginary term ia does not permit any singularity. Hence I conclude
that the ”charge” of the neutrino (6.3) vanishes.
We know that the neutrinos are massive and osculate. That is, they are not
eigenstates of the hamiltonian (time translation generator). The above analysis
of the LCR-structure based on degenerate quadratic polynomials with different
helicities [E = ±p3] do not admit a time-translation invariance. The TAUB-
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NUT metric is compatible with such an (combined) LCR-tetrad
ℓµdx
µ = dt− 1
f
dr + 4l sin2 θ2 dϕ
nµdx
µ = f2 (dt+
1
f
dr + 4l sin2 θ2 dϕ)
mµdx
µ =
√
r2+l2
2 (dθ + i sin θdϕ)
f = r
2−2mr−l2
r2+l2
(6.13)
which satisfies the LCR conditions
dℓ = i 2l
r2+l2m ∧m
dn = f
′
f
dr ∧ n+ i lf
r2+l2m ∧m
dm = [ 2
r2+l2 dr +
cos θ
sin θ
√
2(r2+l2)
m] ∧m
(6.14)
with vanishing the third relative invariant, Φ3 = 0. It is well known that
the TAUB-NUT metric looks static, it is not. Which is expected from the
corresponding LCR-structure, which does not admit an automorphism of time
translation.
6.1 Derivation of standard model action
The successful application of the BMP recursive procedure[3] to build up an
effective quantum electrodynamics and its extraordinary experimental verifica-
tion, suggest us to extend it including the massless neutrino soliton as a left-hand
field 1−γ52 ψν , and all the permitted charged and neutral currents. No neutrino
electromagnetic interaction should be introduced or permit it to appear through
the BMP recursive procedure. It has already be shown[32] that assuming the
existence of all the standard model particles (for every generation separately)
the implied standard model lagrangian is a consequence of the renormalizability
condition. Let us now enumerate the fields and the interactions we will consider
in the beginning (correspondence principle) of the BMP procedure, indicating
their existence in the context of PCFT:
1) The massive Dirac electron field ψe(x), which satisfies the free Dirac equa-
tion and hence it implies a free massive Dirac propagator in the time ordering
term (5.28).
2) The left-hand part of the massless Dirac neutrino field 1−γ52 ψν , which
satisfies the free Dirac equation and hence it implies a free massless Dirac prop-
agator in the time ordering term. All the considered currents will contain only
the left-hand part of the neutrino field.
3) The massless electromagnetic field Aµ(x), which implies the corresponding
massless propagator. It is the potential of the real part of the closed self-dual
2-form (5.17). This self-dual form (φAB in the spinor notation) also emerges
through the Batement-Penrose transform applied on the Kerr polynomial of the
electron LCR-structure
φAB(x) =
1
2pii
∮
λAλB(λEdλ
E)
(K(Z))2
f(Z) = K(Z) = Z1Z2 − Z0Z3 + 2aZ0Z1
(6.15)
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4) The electromagnetic interaction between the electron and the photon.
5) The electron and neutrino fields imply permitted charged and neutral
currents, which break parity. In the context of PCFT these are LCR-structures
determined by Newman complex trajectories ξa(τ ), such that (
.
ξa)2 has van-
ishing and non-vanishing limits at ±∞. The charged current is not conserved,
because of the electron and neutrino mass difference. We will consider them
coupled with corresponding charged and neutral vector fields. One may start
with massless fields, but the BMP procedure will generate mass counterterms,
because of the non conservation of the corresponding currents. Hence they will
become massive by the BMP procedure. I have not yet found a way to reveal
the existence of the intermediate vector bosons through the LCR-structure.
6) We will now look for possible indications of the scalar real Higgs field h.
The first is the fact that the BMP procedure with all the previous fields does not
imply a (renormalizable) closed lagrangian form, while the background PCFT
lagrangian is renormalizable. The second is suggested by the existence of a
scalar field implied by the Bateman-Penrose transform
φ(x) = 12pii
∮
(λEdλ
E)
K(Z)
K(Z) = Z1Z2 − Z0Z3 + 2aZ0Z1
(6.16)
which is analogous to (6.15) for the electromagnetic field and that for the lin-
earized spinorial conformal tensor of the gravitational field[18]. The fact that
the Higgs field is related to the masses of the particles, which appear with the
energy momentum source
T
µν
(p) = µ
.
ξµ
.
ξνδ(xν − ξν(s)) (6.17)
of gravity, indicates to identify it with the trace of hµν (4.23). Recall that the
linearized metric defines two representations of the Poincare´ group. The scalar
field h = ηµνhµν and the graviton ĥµν = hµν − h4 ηµν . The field h starts as
a massless field with a h4 term, but it acquires an infrared mass through the
effective potential minimization (infrared mechanism). Such scalar fields like
(4.27) may exist in the context of PCFT.
Including all these assumptions in the initial action through the ”correspon-
dence principle”, the BMP procedure implies a closed lagrangian form only if the
well known relations between the coupling constants and the masses of particles
are valid[32]. This means that the ”internal symmetry” U(2) breaking mecha-
nism, is a consequence of the initial mass difference between the electron and the
neutrino and the renormalizability condition of the BMP procedure, viewed as
an effective action generating mechanism! There is no initial internal group in
PCFT. The ad hock assumption of a fundamental U(2) internal symmetry mis-
lead the scientific research to grand unified theories and their supersymmetric
extensions, which have not been observed.
Let us now turn to the amazing simple origin[24] of the three elementary par-
ticle generations (families). The three particle generations are a consequence of
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the gravity potentials of these solitons which emerge through the Einstein met-
ric gµν (4.1), despite the fact that the linearized graviton cannot be introduced
in the effective standard model action. It is well known that the Einstein metric
gµν = ηabe
a
µe
b
ν , where e
a
µ are the four Cartan moving frames. They are defined[6]
up to a local SO(1, 3) transformation e′aµ = S
a
b e
b
µ which generates and relates
the Cartan connection with the ordinary metric gµν connection. Newman and
Penrose[18] have noticed that assuming a null tetrad, the Cartan formalism ac-
quires very useful properties easily applied to the radiation problems. In this
formalism the LCR-structure coincides with the existence of two geodetic and
shear-free null congruences, which have the simple form κ = σ = λ = ν = 0.
Besides, the use of the spinor dyad (oA, ıB) through the relations
ℓµ = o
A′σaA′Bo
Beaµ , nµ = ı
A′σaA′Bı
Beaµ , mµ = ı
A′σaA′Bo
Beaµ
oAıBǫAB = oBı
B = 1
(6.18)
imply the spinorial formulation of general relativity. I have already pointed out
that a metric does not always admit two geodetic and shear-free congruences.
In this case of metrics, using an arbitrary non geodetic and shear-free null
tetrad, the spinor form of the conformal tensor ΨABCD can always be defined,
and it admits two spinors (λA1, λB2), which satisfy the relations (4.25). In
the linearized gravity approximation they become the spinors of the first two
rows of the homogeneous coordinates of G4,2. Hence locally, a non-conformally
flat metric compatible with an LCR-structure has at most four geodetic and
shear-free null congruences, i.e. at most four branches (sheets). Every two of
them determine a LCR-structure. From the Petrov classification[18], we have
the types of spacetime with four (type I), three (type II), two double (type D)
and a triple (type III) principal null directions. Apparently the electron and
the neutrino solitons correspond to type D spacetimes. The fact that I have not
found[26] static LCR-structures for cubic and quartic Kerr polynomials, suggest
us to correspond the decaying muon and tau generations to the two Petrov types
II and I respectively. The soliton stability is assured by the different degrees
of the quadric (electron and its neutrino), cubic (muon and its neutrino) and
quartic (tau and its neutrino) algebraic surfaces. The internal stability of each
flavor is assured by the different relative invariants.
7 THE UP AND DOWN QUARKS
Concerning the electromagnetic and weak interactions, the hadronic sector of
the elementary particles is (about) a copy of the leptonic sector. Quarks simply
have the additional strong interaction, which should provide a confining mecha-
nism. The standard model does not explain the general copy-picture, while the
artificial add-on of the SU(3) gauge group gives some answers to some phenom-
ena, but it fails to imply (in the continuum) confinement and chirality breaking,
which are the characteristic properties of strong interactions.
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PCFT is mathematically a vector bundle (with a gauge field) over a lorentzian
CR-manifold. The gluon field is identified with the gauge field of the action and
the LCR-structure describes (contains) gravity, electromagnetic and weak in-
teractions as outlined in the previous section, where we have assumed that the
found distributional solitons have vanishing gluon field configuration. In this
section I will explicitly find stable gluonic configurations for the electron and
the neutrino LCR-manifolds, which I will identify with down and up quarks.
That is, the origin of the observed general copy-picture between the leptons and
quarks is simply their common LCR-structure (which contains gravitational,
electromagnetic and weak interactions).
Variation of the actions (3.6) relative to the gauge field implies the field
equations
IR → 1√−g (Dµ)ij(
√−g(Γµνρσ − Γµνρσ)Fjρσ) = 0
II → 1√−g (Dµ)ij(
√−g(Γµνρσ + Γµνρσ)Fjρσ) = 0
Γµνρσ = 12 [(ℓ
µmν − ℓνmµ)(nρmσ − nσmρ) + (nµmν − nνmµ)(ℓρmσ − ℓσmρ)]
(Dµ)ij = δij∂µ − γfikjAkµ
(7.1)
Recall that the derivation of quantum electrodynamics (as an affective field
theory) was triggered by the existence of a source in the closed self-dual anti-
symmetric tensor of the massive static soliton. But the above (7.1) both field
equations are exact. We cannot replace (ad hoc) the zero of the second part
of the equation with a source, because the symmetries of the action will be de-
stroyed, and subsequently the renormalizability of the action will be destroyed
too. The solution[30] to this obstruction comes after a close look at the form of
the field equations 7.1. Notice that they are the sum or difference of two com-
plex conjugate terms. This does not permit us to apply the complexification
(necessary for the application of the Frobenius theorem) and use the convenient
form that the LCR-structure tetrad takes in the ambient complex manifold.
Therefore I find convenient to give the PDEs (7.1) the following equivalent
forms
IR → 1√−g (Dµ)ij{
√−g[(ℓµmν − ℓνmµ)(nρmσFjρσ)+
+(nµmν − nνmµ)(ℓρmσFjρσ)]} = −kνi
II → 1√−g (Dµ)ij{
√−g[(ℓµmν − ℓνmµ)(nρmσFjρσ)+
+(nµmν − nνmµ)(ℓρmσFjρσ)]} = −ikνi
(7.2)
where kνi (x) is a real vector field. The PDEs look like the equations of a gauge
field with a color-electric and color-magnetic source respectively. Notice the
natural emergence of the sources. I will solve these partial differential equations
in the static (electron) LCR-structure (2.17). This is possible, because the LCR-
structure defining equations completely decouple from the gauge field equations.
The LCR-structure is first fixed (via the Lagrange multipliers) and after we
proceed to the solution of the field equations, which involve the gauge field.
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This property of PCFT is essentially behind the physical observation of the
lepton-quark correspondence! That is a quark has the same LCR-structure with
the corresponding lepton. But the quark has in addition a stable non-vanishing
distributional gauge field configuration (from which it gets its color), while the
lepton has vanishing gauge field.
Recall that a distribution has two parts. The singular part and the regular
part. A classical solution of the gauge field with a singular compact source will
be interpreted as a colored soliton (the quark) with its gluon potential ”dressing”
being the regular part of the generalized function[10]. If we apply again with
the gauge covariant derivative (Dν)ij and use the commutation relation
[(Dµ), (Dν)]ik = −γfijkFjµν (7.3)
we find that the current must be gauge covariantly conserved (Dν)ijk
ν
j = 0 for a
classical solution to exist. We will look for fundamental distributional solutions
which have compact singular sources, which may be interpreted as localized
”particles”. I will work out the derivation of a (null) distributional solution for
the first PDE (action IR), where such a solution can exist, and I will simply
indicate why the second PDE (action II) does not admit a corresponding color-
magnetic solution.
In the case of gravity and electromagnetism we found distributional (funda-
mental) solutions, where the singular part is compact and located at the ring
singularity. It is identified with the electron, while its gravitational and electro-
magnetic fields are the regular part of the distribution (the gravitational and
electromagnetic dressing) located outside the singular support of the source (the
electron). Now we will apply the same point of view for the computation of the
quark and its dressing gluonic field strength. Outside the compact singular sup-
port of color sources, the current kνj = 0 vanishes. In this region we can make
the complexification of the real coordinate variable x of the (real) LCR-manifold
and after we can make an holomorphic transformation to the LCR-structure co-
ordinates (zα(x), zα˜(x)), and use their following powerful properties
dzα = fα0 ℓµdx
µ + fα1 mµdx
µ , dzα˜ = f α˜
0˜
nµdx
µ + f α˜
1˜
m˜µdx
µ
ℓµdx
µ = ℓαdz
α , mµdx
µ = mαdz
α , nµdx
µ = nα˜dz
α˜ , mµdx
µ = m˜α˜dz
α˜
ℓµ∂µ = ℓ
α˜∂α˜ , m
µ∂µ = m
α˜∂α˜ , n
µ∂µ = n
α∂α , m
µ∂µ = m˜
α∂α
(7.4)
In these complex coordinates, the metric takes the off-diagonal form (1.3) and
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√−gdx0 ∧ dx1 ∧ dx2 ∧ dx3 = −iℓ ∧m ∧ n ∧ m˜ = −iĝdz0 ∧ dz1 ∧ dz0̂ ∧ dz1̂
gab =
(
0 ĝ
αβ˜
ĝβα˜ 0
)
, gab =
(
0 ĝαβ˜
ĝβα˜ 0
)
ĝ
αβ˜
= ℓαnβ˜ −mαmβ˜ , ĝαβ˜ = nαℓβ˜ −mαmβ˜ , ĝ ≡ det ĝαβ˜
(ℓ0m1 −m0ℓ1)(n0˜m1˜ −m0˜n1˜) = −ĝ , (ℓ0˜m1˜ −m0˜ℓ1˜)(n0m1 −m0n1) = − 1ĝ
(7.5)
Hence after the complexification we have to replace
√−g → −iĝ. Notice, that
now we deal with a complex metric (pseudo-metric), and we must not take
complex conjugations before returning back to real x. Then (7.2) takes the
form
For b = 0 , ∂1Fi0˜1˜ − γfikjAk1Fj0˜1˜ = (D1)ijFj0˜1˜ = −ĝk0i
For b = 1 , ∂0Fi0˜1˜ − γfikjAk0Fj0˜1˜ = (D0)ijFj0˜1˜ = ĝk1i
For b = 0˜ , ∂1˜Fi01 − γfikjAk1˜Fj01 = (D1˜)ijFj01 = −ĝk0˜i
For b = 1˜ , ∂0˜Fi01 − γfikjAk0˜Fj01 = (D0˜)ijFj01 = ĝk1˜i
(7.6)
written separately for every structure coordinate in order to help a non-familiar
reader to understand the subsequent mathematical operations. The integrability
conditions imply
[(D0), (D1)]ikFk0˜1˜ = −γfijkFj01Fk0˜1˜ = −(Dα)ij(ĝkαj )
[(D0˜), (D1˜)]ikFk01 = −γfijkFj0˜1˜Fk01 = −(Dα˜)ij(ĝkα˜j )
(7.7)
They vanish outside the compact singular gluonic source.
As expected, the written in LCR-structure coordinates equations do not
contain the complexified ”metric” g
αβ˜
, and contain only the self-dual left-hand
component Fj01 and right-hand component Fj0˜1˜ of the gauge field strength,
because the present gauge field action has been constructed to be metric inde-
pendent.
It is evident that if
fijkFj01Fk0˜1˜ = − 1ĝ fijk(nµm˜νFjµν)(ℓµmνFkµν) 6= 0 (7.8)
does not vanish outside the sources, the differential equations (7.6) do not accept
(fundamental) solutions with compact sources. Hence my conclusion is that,
outside the singular compact part (the quark) of the generalized function, we
may have solutions only if Fi01 or Fj0˜1˜ vanish for non vanishing fijk. That is,
we may have the following solutions
Aα =
1
γ
(∂αU)U
−1 , (ℓµmνFkµν) = (ℓ0˜m1˜ − ℓ1˜m0˜)Fk0˜1˜ 6= 0
(nµm˜νFkµν) = (n
0m˜1 − n1m˜0)Fk01 6= 0 , Aα˜ = 1γ (∂α˜U ′)U ′−1
(7.9)
where U and U ′ are arbitrary elements of the gauge group in a prescribed gauge
group representation.
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Hence, the two gauge field equations become abelian
∂α˜F01 − γ[Aα˜, F01] = 0 ⇒ ∂α˜F ′01 = 0 , F01 = U ′F ′01U ′−1
∂αF0˜1˜ − γ[Aα, F0˜1˜] = 0 ⇒ ∂αF ′0˜1˜ = 0 , F0˜1˜ = UF ′0˜1˜U−1
(7.10)
which apparently coincide with the (abelian) equations
1√−g∂µ{
√−g(ℓµmν − ℓνmµ)(nρmσFjρσ)} = −kνj , ℓµmνFjµν = 0
nµmνFjµν = 0 ,
1√−g∂µ{
√−g(nµmν − nνmµ)(ℓρmσFjρσ)} = −kνi
(7.11)
Notice that the essential non-vanishing term in both solutions is null, therefore
we will look for completely null solutions, i.e. (ℓρnσ −mρmσ)Fjρσ = 0. Hence
we will look for null abelian solutions which satisfy the equations
d{ℓ ∧m(nρmσFjρσ)} = i ∗ kj , ℓµmνFjµν = 0 , (ℓρnσ −mρmσ)Fjρσ = 0
nµmνFjµν = 0 , d{(n ∧m(ℓρmσFjρσ)} = i ∗ kνi , (ℓρnσ −mρmσ)Fjρσ = 0
(7.12)
The LCR-structure coordinates (7.4) determine the two characteristic 2-
forms of the static quadratic surface of CP 3.
dz0 ∧ dz1 = (f00 f11 − f01 f10 )ℓ ∧m , dz0˜ ∧ dz1˜ = (f 0˜0˜ f 1˜1˜ − f 0˜1˜f 1˜0˜ )n ∧m
(7.13)
These two surfaces are one-side extensions of the corresponding searched solu-
tions on R4 boundary of the classical domain. Hence they can be solved.
The non-vanishing closed 2-forms (with sources) are found to be
d{ C
′
j
sin θ(r−ia cos θ)ℓ ∧m} = i ∗ k′j
d(
C′′j (r−ia cos θ)
(r2+a2) sin θ n ∧m) = i ∗ k′′j
(7.14)
where C′j and C
′′
j are arbitrary complex constants, which are fixed using Stokes’
theorem. In the oblate spheroidal coordinates the solutions have the explicit
forms
C′j
sin θ(r−ia cos θ)ℓ ∧m =
C′j√
2
[ ia(r2+a2)dt ∧ dr − 1sin θdt ∧ dθ − idt ∧ dϕ+
+ ρ
2
(r2+a2) sin θdr ∧ dθ + idr ∧ dϕ− a sin θdθ ∧ dϕ]
C′′j (r−ia cos θ)
(r2+a2) sin θ n ∧m =
C′′j
2
√
2
[ ia(r2+a2)dt ∧ dr − 1sin θdt ∧ dθ + idt ∧ dϕ−
− ρ2(r2+a2) sin θdr ∧ dθ + idr ∧ dϕ− a sin θdθ ∧ dϕ]
(7.15)
After a straightforward calculation I find
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∫
t,r=const
C′j
sin θ(r−ia cos θ)ℓ ∧m = −2
√
2πC′ja ≡ γ′j
∫
t,r=const
C′′j (r−ia cos θ)
(r2−2Mr+a2+q2) sin θn ∧m = −
√
2πC′′j a ≡ γ′′j
(7.16)
which implies that the constants must be real for the sources to be real and the
original field equations to be satisfied. Notice that they are proportional to the
coefficient a (the spin of the soliton) implying that the scalar LCR-structures
(4.5) do not define colored configurations with sources. The physical meaning
of this remark is that PCFT does not permit glueballs.
We finally find the solutions
F ′j =
−γ′j
pia
√
2
[ a
r2+a2 dt ∧ dr − d(t− r) ∧ dϕ] =
= d[
−γj
pia
√
2
(t− r)( a
r2+a2 dr − dϕ)]
F ′′j =
−γ′′j
√
2
pia
[ a
r2+a2 dt ∧ dr + d(t+ r) ∧ dϕ] =
= d[
−γ′′j
√
2
pia
(t+ r)( a
r2+a2 dr + dϕ)]
(7.17)
with the corresponding potentials been apparent.
The second PDE of (7.2), which is implied by the action II , may be written
as
II → 1√−g (Dµ)ij{
√−g[(ℓµmν − ℓνmµ)(nρmσ ∗ Fjρσ)+
+(nµmν − nνmµ)(ℓρmσ ∗ Fjρσ)]} = kνi
(7.18)
because ℓ[ρmσ] and n[ρmσ]are self-dual. This has exactly the form of the first
PDE, with the gauge field tensor replaced by its dual. Hence the solutions of
the second PDE will be − ∗ F ′j and − ∗ F ′′j , which is impossible, because they
have sources, i.e. d ∗ F ′j 6= 0 6= d ∗ F ′′j .
The left Fi01 and right Fj0˜1˜ solutions may coexist in the same region if they
do not vanish for i and j in the abelian subalgebra. In the physically interesting
case of the su(3) Lie algebra this will happen if i and j take the values 3 and 8.
But in this case the final classical solution will not be null.
The second quark of the massless LCR-structure can be found using the
same procedure. Let us consider the first ([E = −p3]) LCR-structure of (6.1)
with the corresponding structure coordinates and tetrad
[E = −p3] : X3 − aX1 = 0 , X0 = 0
z0 = x0 − ia− x3 − (x1)2+(x2)2
x0+x3−ia , z
1 = x
1+ix2
x0+x3−ia
z0˜ = x0 + x3 − (x1)2+(x2)2
x0−x3 , z
1˜ = x
1−ix2
x0−x3
(7.19)
The two solutions with sources are expected to have the forms
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F ′j = fj(z
0, z1)dz0 ∧ dz1 → dF ′j = − ∗ k′j
F ′′j = fj(z
0˜, z1˜)dz0˜ ∧ dz1˜ → dF ′′j = − ∗ k′′j
(7.20)
But the naive Stokes’ theorem does not apply. This problem has to be treated
in the ”unphysical” grassmannian chart (4.8). Apparently, we may bypass this
difficulty by assuming a mass term and repeat the preceding calculations, in
order to experimentally check PCFT.
In the case of the charged electron-soliton we derived quantum electrody-
namics using the BMP axiomatic procedure, after the separation of classical
and quantum components of the current and the electromagnetic field. In the
present case the quark has a left or right gluonic dressing. That is the classical
quark breaks chirality because it appears either in the left or right chirality
and they cannot coexist at the same neighborhood. In the next section I will
show that the gluonic dressing provides a confining mechanism too. But if we
neglect the classical gluonic dressing and its localizing property, the field equa-
tions (7.2) imply (in cartesian coordinates) the following ordinary equations of
quantum chromodynamics, vewed as the first approximation, dealing only with
the quantum modes.
(Dµ)ijH
µν
j = γqγ
ντ iq , (Dµ)ij ∗Hµνj = 0 , γµ(i∂µ − γAiµτ i)q −mq = 0
H
µν
j ≡ 12 [(ℓµmν − ℓνmµ)(nρmσFjρσ) + (ℓµmν − ℓνmµ)(nρmσFjρσ)+
+(nµmν − nνmµ)(ℓρmσFjρσ) + (nµmν − nνmµ)(ℓρmσFjρσ)]
∗Hµνj ≡ i2 [(ℓµmν − ℓνmµ)(nρmσFjρσ)− (ℓµmν − ℓνmµ)(nρmσFjρσ)+
+(nµmν − nνmµ)(ℓρmσFjρσ)− (nµmν − nνmµ)(ℓρmσFjρσ)]
(7.21)
Notice that the second equation (gauge field integrability condition) coincides
with the field equation of PCFT. That is, the lagrangian even for the the gauge
field seems to assure its its integrability condition, like the LCR-structure terms.
Besides, ordinary chromodynamics cannot explain confinement and chiral break-
ing, because it does not contain the gluonic dressing of the quarks.
8 A QUARK CONFINEMENT MECHANISM
In order to understand the implied confinement, we have to understand the
mathematical framework of PCFT. Therefore I think it will be helpful to the
reader, if I briefly recapitulate it, using now the Sato’s hyperfunction point of
view[14] for the distributions (generalized functions).
The LCR-manifold is a special totally real 4-dimensional submanifold of a
complex 4-dimensional manifold satisfying the relations
ρ =
(
ρ11(z
α, zα) ρ12(z
α, zα˜)
ρ12(z
α, zα˜) ρ22(z
α˜, zα˜)
)
= 0 (8.1)
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in a neighborhood of zb(p). The CR-submanifolds are usually considered as
boundaries of domains of holomorphy. The LCR-manifold may be considered
as the boundary of the domain
ρ =
(
ρ11(z
α, zα) ρ12(z
α, zα˜)
ρ12(z
α, zα˜) ρ22(z
α˜, zα˜)
)
≻ 0
det ρ > 0 , trace(ρ) > 0
(8.2)
where the symbol ≻ means that the matrix ρ is positive definite, which is equiv-
alent to the last two conditions. In the zero gravity approximation, the present
ambient complex manifold is the SU(2, 2) classical (Cartan) and its character-
istic (Shilov) boundary is S1×S3, which is a double cover of R4, as boundaries
of the corresponding Siegel domains.
If the ambient complex manifold is a projective variety, precise special depen-
dence of the defining functions from the structure coordinates (zα, zβ˜) suggest
us to consider it to be the lines of CP 3 (points of the grassmannian manifold
G4,2), which intersect two sheets (branches) of a hypersurface K(Z
m) = 0. The
structure coordinates zα determine the one intersection point at the one branch
and zα˜ determine the other intersection point at another branch. The two
branches intersect at a branch curve of CP 3, which corresponds to the branch
points of the Riemann surfaces (algebraic curves) of CP 2. Recall that in CP 2,
analyticity is restored by using a branch cut that joins two branch points. In
the present case of CP 3, the cut is done at a surface, which has the branch
curve as boundary. The LCR-structure essentially projects this picture down
to the LCR-manifold (the boundary of the domain). Then the holomorphic
functions on the domains of holomorphy become generalized functions (Sato’s
hyperfunctions) on the LCR-manifold (the real spacetime) with real analytic
forms in some regions and distributional sources into others[12]. Below I will
perform these calculations in the case of the static solitonic LCR-manifold (with
zero gravity) and the colored solutions of the gauge field. These calculations
may be elementary for the mathematicians, but we (particle physicists) are not
familiar with these techniques.
The precise subset of quadratic polynomials, which is closed relative to the
Poincare´ transformations have the form
AmnZ
mZn = 0
Amn =
(
ω P
P⊤ 0
)
, P =
(−(p1 − ip2) −p0 + p3
p0 + p3 (p1 + ip2)
)
= −pǫ
p =
(
p0 − p3 −(p1 − ip2)
−(p1 + ip2) p0 + p3
)
, ǫ =
(
0 1
−1 0
) (8.3)
where pµ is the (real) 4-momentum and ω the 2× 2 spin-matrix of the solitonic
LCR-structure. The projection (from an external point) of the quadric to a
CP 2 ⊂ CP 3 is a double cover (it has two sheets). Let us consider the following
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projection of the quadric
Z = X + τY , X =

1
−1
0
0
 , Y =

Y 1
Y 1
Y 2
Y 3

XmXnAmn + 2τX
mY nAmn + τ
2Y mY nAmn = 0
(8.4)
The two roots of τ determine the two sheets of the quadric. In our case, it is more
convenient to consider the two intersection points between the two branches and
the line determined by r ∈ G4,2 as the two roots of the (projective) equation
Zm =
(
λ
−irλ
)
AmnZ
mZn = λT (ω − iPr − ir⊤P⊤)λ = 0
(8.5)
The branch curve is given by the double root, i.e. it is
det(ω − iPr − ir⊤P⊤) = 0 (8.6)
It intersects the zero gravity LCR-submanifold of G4,2 , when r = x is hermitian
matrix. Recall that in zero gravity the domain becomes the SU(2, 2) symmetric
classical domain and its boundary (in the chiral Siegel realization) is now the
real R4 submanifold.
We already have found that in one from the two branches the gauge field
strength Fµν must vanish. Otherwise the gauge field does not admit null solution
with localized distributional source. Let us start with the first left-hand solution
of (7.17), which at the one side of the boundary it is
Fj01(z
α)dz0 ∧ dz1 = −γ
′
j
2
√
2pia sin θ(r−ia cos θ)ℓ ∧m
d{ −γ
′
j
2
√
2pia sin θ(r−ia cos θ)ℓ ∧m} = i ∗ k′j
(8.7)
and at the other side it vanishes.
It is more convenient to use cartesian coordinates (5.20), where the differ-
ential forms are
dx = r cosϕ sin θdr√
r2+a2
+
√
r2 + a2 cosϕ cos θdθ −√r2 + a2 sinϕ sin θdϕ
dy = r sinϕ sin θdr√
r2+a2
+
√
r2 + a2 sinϕ cos θdθ +
√
r2 + a2 cosϕ sin θdϕ
dz = cos θdr − r sin θdθ
(8.8)
which are inverted to
dϕ = 1√
r2+a2 sin θ
(cosϕdy − sinϕdx)
dθ =
√
r2+a2 cos θ cosϕ
ρ2
dx +
√
r2+a2 cos θ sinϕ
ρ2
dy − r sin θ
ρ2
dz
dr = r
√
r2+a2 sin θ cosϕ
ρ2
dx+ r
√
r2+a2 sin θ sinϕ
ρ2
dy + (r
2+a2) cos θ
ρ2
dz
(8.9)
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Then the flatprint of the LCR-tetrad takes the form
ℓµdx
µ = dt+ ay−rx
r2+a2 dx− ry+axr2+a2 dy − zrdz
nµdx
µ = r
2(r2+a2)
2(r4+a2z2) [dt+
ay+rx
r2+a2 dx +
ry−ax
r2+a2 dy +
z
r
dz]
1
η sin θmµdx
µ = r
2
(r4+a2z2)
√
2
[iadt+ r
2+a2
x2+y2 (−xzr + iy)dx
− r2+a2
x2+y2 (
yz
r
+ ix)dy + rdz]
(8.10)
from which I will compute the self-dual 2-form
Gj − i ∗Gj ≡ −γj2√2pia sin θ(r−ia cos θ)ℓ ∧m = −(E1j + iB1j )dt ∧ dx−
−(E2j + iB2j )dt ∧ dy − (E3j + iB3j )dt ∧ dz − i(E3j + iB3j )dx ∧ dy+
+i(E2j + iB
2
j )dx ∧ dz − i(E1j + iB1j )dy ∧ dz
(8.11)
Hence it defines an effective real 2-form Gj where
−→
Ej is its color electric compo-
nent and
−→
Bj is its color magnetic component. The color electric and magnetic
fields of the first solution are
−→
E′j =
γ′jr
2
(r4+a2z2)pia
√
2

a(ay−rx)
r2+a2 − y(r
2+a2)
x2+y2
x(r2+a2)
x2+y2 − a(ax+ry)r2+a2
−az
r
 (8.12)
and
−→
B′j =
γ′jr
(r4+a2z2)pia
√
2

(r2+a2)xz
(x2+y2)
(r2+a2)yz
(x2+y2)
−1
 (8.13)
respectively.
Recall that the variable r is an oblate spheroidal coordinate and satisfies the
relation
x2+y2
r2+a2 +
z2
r2
= 1 (8.14)
Now we are ready to reveal the singularities of the solution, which occur at
(r, z) = (0, 0) → x2 + y2 = a2
and
x2 + y2 = 0 → z = ±r
(8.15)
This is the ring circle and the z-axis. An additional singularity (discontinuity)
exists on the branch cut (x2 + y2 < 0), which is not seen by the field outside
the branch cut. At the one side of the branch cut the color gauge field does
not vanish, while at the other side it does vanish, because crossing the disk
branch cut we pass to the other branch with vanishing gauge field. Recall that
a point of the grassmannian space corresponds to two points of CP 3, which
belong to different branches, branched at the branch cut. In brief the quark is
located at the ring singularity and the positive (or negative) z-axis, where it has
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non-vanishing gluon field. Compare the singularities of the present gluonic field
with the corresponding singularities of the electromagnetic field (5.22). The
gluonic field has the additional singularity at the z-axis which obstructs its free
existence. Hence, unlike the electron, the quark cannot be free.
In the case of a quark and antiquark system, located at the two end rings of
a finite tube and having non-vanishing gluon field inside the tube and vanishing
outside the tube, form a ”fat” Nielsen-Olesen string[7], which implies confine-
ment. Recall that the non-vanishing component of the gluonic field inside the
string will be either the left or the right one, because there is no solution with
both being non-zero. Hence the scalar meson bound state (pion) will have a
precise chirality and it will be a pseudoscalar.
The second (right-hand) solution of (7.17), which at the one side of the
boundary it is
Fj0˜1˜(z
α˜)dz0˜ ∧ dz1˜ = −γ
′′
j (r−ia cos θ)√
2pia(r2+a2) sin θ
n ∧m
G′′j − i ∗G′′j ≡
−γj(r−ia cos θ)√
2pia(r2+a2) sin θ
n ∧m
(8.16)
where γ′′j is the effective color-electric charge.
The color electric and magnetic fields of the second solution are
−→
E′′j =
γ′′j r
2
√
2
(r4+a2z2)pia

y(r2+a2)
x2+y2 − a(ay+rx)r2+a2
a(ax−ry)
r2+a2 − x(r
2+a2)
x2+y2
−az
r
 (8.17)
and
−→
B′′j =
γ′′j r
√
2
(r4+a2z2)pia

(r2+a2)xz
(x2+y2)
(r2+a2)yz
(x2+y2)
−1
 (8.18)
respectively. This non-vanishing right-hand solution is slightly different than
the left-hand one, but it has the same singularities.
Let us now see that it does not seem possible to incorporate this gluonic
solution to the standard model action, using the BMP recursive procedure.
One can check that the color electric and magnetic vectors satisfy the following
null relations
(
−→
E′j)
2 − (−→B′j)2 = 0 ,
−→
E′j ·
−→
B′j = 0 , No j summation
(
−→
E′′j )
2 − (−→B′′j )2 = 0 ,
−→
E′′j ·
−→
B′′j = 0 , No j summation
(8.19)
and the effective field equations
dG′j = 0 , d ∗G′j = i ∗ k′j
−→∇ · −→B′j = 0 , ∂t
−→
B′j +
−→∇ ×−→E′j = 0−→∇ · −→E′j = k′0j , ∂t
−→
E′j −
−→∇ ×−→B′j = −
−→
k′j
(8.20)
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where the Minkowski metric is assumed. The non-vanishing right-hand solution
satisfies the same equations.
9 PERSPECTIVES
The recent experimental results of the LHC experiments at CERN show that
supersymmetric particles do not exist and subsequently, quantum string theory
does not describe nature. Hence, the 4-dimensional PCFT remains the only
known model, compatible with quantum theory, which provides the general ex-
perimentally observed framework, without needing supersymmetry to introduce
fermions and internal symmetries.
Paraphrasing Euclid (of Alexandria) we may say that ”there is no royal road
to .... the theory of everything too”. We already realized this mathematical dif-
ficulty in string theory based on the algebraic curves. PCFT has essentially the
same mathematical basis as the Polyakov action, it simply transfers the math-
ematics to the algebraic surfaces and their intersection with the lines, which
constitute the grassmannian space G4,2. The lorentzian CR-structure projec-
tion to a real 4-dimensional submanifold complicates further the mathematical
problems, but it clarifies the general physical picture. No moving strings and
hidden dimensions are needed. The particles and their potentials (dressings) are
distributional solitons. The singular part of the distribution (the source) is the
fermionic particle and the regular part is its ”potential”. The observed space-
time is just the ”superposition” of these elementary solitons. Mathematically
they are real 4-dimentional manifolds (boundaries of domains of holomorphy
(8.2), inside the SU(2, 2) classical domain. The Minkowski spacetime is the
Shilov boundary of this SU(2, 2) classical domain.
The mathematical structure is simple and beautiful, because the action is
fully geometric and apparently renormalizable by simple conventional power
counting. It is just the vector bundle on a 4-dimensional lorentzian CR-structure.
The riemannian metric of general relativity is replaced by the LCR-structure as
the fundamental quantity in PCFT. Around the notion of the LCR-structure we
have to build up again the appropriate computational techniques to derive the
observed phenomena. Up to now, I used the conventional solitonic techniques,
which seem to be quite limited. Only the static (electron) and stationary (neu-
trino) solitons, and the corresponding quarks have been revealed. The three
particle generations and the correspondence between leptons and quarks have
been easily derived, but I do not actually see the way to compute ”numbers”.
The computation of the masses and coupling constants of the effective standard
model should be the ultimate goal of PCFT. The apparent difference between
the conventional quantum chromodynamics with the present derived gluonic
interaction could be used to provide precise experimental tests of PCFT in HL-
LHC experiments.
The Bogoliubov axiomatic formulation of quantum field theory is essentially
based on the rigged Hilbert spaces (the Gelfand triplet) of the representations of
the Poincare´ group. The Epstein-Glaser observation makes the BMP mathemat-
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ical formulation intimately related with the Schwartz generalized functions. In
the context of PCFT, the elementary particles are distributional solitons. They
are essentially the wavefront singularities of the LCR-manifolds (the leptons)
and the compatible gauge field (the quarks). Notice that the ”free” particles
emerge with their corresponding gravitational, electromagnetic and gluonic (for
the quarks) dressings. In conventional QFT, it is clear that the generalized
functions is the adequate framework to formulate quantum field theory. But
PCFT seems to suggest the opposite too. That is, the particle-wave duality
(quantum mechanics) may also be a consequence of the distributional solitonic
nature of the structures of PCFT. I think that we should start investigating this
provoking possibility too.
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